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_1» PCr/US90/015IS 

EXPRESSION OF BXOGEKOUS POLYNUCLEOTIDE 
SEQUENCES IN A VERTEBRATE 

n»e present Invention relate- * ^ 

™» ™» c 

9"0« Of the patl^rt. vlrJv^ l»tegr.t.a tot^ the 
« l^trcaucin, m intone r""^'" 

•re then r.-,,i„t«,. Mre^^t, w ^' 

.no.p.ul.t.d 1„ lipo„.eV TJ Jr^T"^ °' ■«» 
Pn>t«,Hpo«oii.s oonuinin, vl„, , •"trapped In 

(Hloolen et 1., .^^T.?^. T P^tein. 

tav. ,j.„ „.„ with IJ:. 

P^lpitetlm (Ben«nltty^" "/'i" 
m 83:9551-9555 (198«)) "tl . Ilrni m I 

t- -Ul^r^/rrr. " " 

Oelem been., „, ^ZT^ ~tr.vir«. vector., he. b..„ 

poMlbl. ,.„«:ie oh«».. ^, ""^ ™» 

--^ 9.» therap, „,e rV„t:ti« ^ 
Vaccination with inaunogenlc 
-uce- the inoiden. of^ ^H!:^, "^^^r^- 
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are «ajor difficulties in using prot ins associated with 
other pathogens and disease states as ia»unogens. Kany 
protein antigens are not intrinsically im»unogenio. More 
often, they are not eff ctive as vaccines because of the 
5 manner in which the iamune system operates. 

The iamune systen of vertebrates consists of several 
interacting coniponents. The best characterized and most 
important parts are the humoral and cellular (cytolytic) 
branches. Humoral immunity involves antibodies, proteins 
10 i*ich are secreted into the body fluids and irtiich directly 
recognize an antigen. The cellular system, in contrast, 
relies on special cells which recognize and kill other 
cells which are producing foreign antigens. This basic 
functional division reflects two different strategies of 
15 immune defense. Humoral immunity is mainly directed at 
antigens which are exogenous to the animal whereas the 
cellular system responds to antigens which are actively 
synthesized within the animal. 

Antibody molecules, the effectors of humoral immunity 
20 are secreted by special B lymphoid cells, B cells, in 
response to antigen. Antibodies can btod to and inactivate 
antigen directly (neutralizing antibodies) or activate other 
cells of the immune system to destroy the antigen. 

Cellular immune recognition is mediated by a special 
25 class of lyB5,hold cells, the cytotoxic T cells. These 
cells do not recognize whole antigens but Instead they 
respond to degraded peptide fragments thereof which appear 
on the surface of the target cell bound to proteins called 
class I aajor histocompatibility complex (MHC) molecules. 
30 Essentially all nucleated cells have class 1 molecules, it 
is believed that proteins produced within the cell are 
continually degraded to peptides as part of normal cellular 
metabolism. These fragments are bound to the MHC molecules 
and are transported to the cell surface. Thus the cellular 
35 immune system Is constantly monitoring the spectra of 
proteins produced In all cells in the body and is poised to 
eliminate any cells producing foreign antigens. 
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Vaccinatlon is the process of preparing an animal to 
respond to an antigen. Vaccination is more complex than 
immune recognition and inv Ives not only B cells and 
cytot xic T c lis but other types of lymphoid cells as 
well. During vaccination, cells which recognize the 
antigen (B cells or cytotoxic T cells) are clonally 
expanded. in addition, the population of ancillary cells 
(helper T cells) specific for the antigen also Increase. 
Vaccination also involves specialized antigen presenting 
cells which can process the antigen and display it in a 
form which can stimulate one of the two pathways. 

Vaccination has changed little since the time of Louis 
Pasteur. a foreign antigen is introduced into an animal 
where it activates specific B cells by binding to surface 
immunoglobulins, it is also taken up by antigen processing 
cells. Wherein it is degraded, and appears in fragments on 
the surface of these cells bound to Class ii mhc molecules 
Peptides bound to class li molecules are capable of 
stimulating the helper class of T cells. Both helper T 
cells and activated B cells are required to produce active 
humoral immunization. Cellular immunity is thought to be 
stimulated by a similar but poorly understood mechanism. 

Thus two different and distinct pathways of antigen 
processing produce exogenous antigens bound to class II hhc 
aolecules idiere they can stimulate T helper cells, as well 
as endogenous proteins degraded and bound to class I mhc 
aolecules and recognized by the cytotoxic class of t cells. 

There is little or no difference in the distribution 
30 of MHC molecules. Essentially all nucleated cells express 
class I molecules whereas class ii MHC proteins are 
restricted to some few types of lymphoid cells. 

Normal vaccination schemes will always produce a 
humoral immune response. They may also provide cytotoxic 
35 immunity. The humoral system protects a vaccinated 
individual from subsequent Challenge from a pathogen and 
can prevent the spread of an intracellular infection if the 



wo 90/11092 



-4- 



PCr/US90/01515 



palihogen goes through an extracellular phase during its 
life csrcl t however, it can do relatively little to 
eliminate intracellular pathogens. Cytotoxic immunity 
complements the humoral system by eliminating the infected 
5 cells. Thus effective vaccination should activate both 
types of immunity. 

A cytotoxic T cell response is necessary to remove 
intracellular pathogens such as viruses as well as 
malignant cells. It has proven difficult to present an 

10 exogenously administered antigen in adequate concentrations 
in conjunction with class 1 molecules to assure an adequate 
response. This has severely hindered the development of 
vaccines against tumor-specific antigens (e.g. , on breast or 
colon cancer cells), and against weakly immunogenic viral 

15 proteins (e.g., HIV, Herpes, nen-A, non-B hepatitis, CMV and 
EBV). 

It would be desirable to provide a cellular immune 
response alone in immunising against agents such as viruses 
for which antibodies have been shown to enhance 
20 infectivity. it would also be useful to provide such a 
response against both chronic and latent viral infections 
and against malignant cells. 

The use of synthetic p^tide vaccines does not solve 
these problems because either the peptides do not readily 
25 associate with histocompatibility molecules, have a short 
serum half-life, are rapidly proteolyzed, or do not 
specifically localise to antigen-presenting monocytes and 
macrophages. At best, all exogenously administered 
antigens must compete with the universe of self-proteins 
30 for binding to antigen-presenting macrophages. 

Major efforts have been mounted to elicit immune 
responses to poorly immunogenic viral proteins from the 
herpes viruses, non-A, non-B hepatitis, HIV, and the like. 
These pathogens are difficult and hazardous to propagate in 
35 vitro. As mentioned above, synthetic peptide vaccines 
corresponding to viral-encoded proteins have been made, but 
have severe pitfalls. Attempts have also been made to use 
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v.cei»l. virus v«rt:ors to p^^l.^ otter 

viruses. How v«r, the r«ults l«ve b «, dl«,ppoi«:l J 

S Widuus, „d the «toi„lstr.tio„ of coiJ„ ^^^^ 

=-p.titlo„,. 1„ l^u^genie portion of the 

virus fall to .licit « response beoeuse they Te 

r^rr::-.^:"" - --^ — - - 

»notl,«r ».]or proble. wltb protein or peptide v.ocii», 
is «aphyl.=tio reaction «bicb can oocur when inJectio^^'H 
antigen repeated in efforts to prodoo. a pote«: i»,„™ 
~spon«i in this ph.™„enon, Ig« antibodi«i for«d i^ 
15 ».pon« to the anti,«, oa». sever, and «».ti.« fat^^ 
allnrgic ructions. 

jocor^ly, th«. is a need for a ..thod for invoking 

lr2l type Of 

protein or polypeptide. Kor««„, th«:. is . ,r«t nell 

I hittocospatlbility antics on the ell snrfac. tTeTi"' 
a cytotoxic T cell response, avoid anaphylaxis ^ 
proteolysis of the naterlal ^-laxis uid 

, ,, ' , Mterlal in the sena, and facilitate 

localization of the „terial to ^.nocytes ««. ^crophag... 

adi^istration of therap«,tic peptides. such r^l^ 

ftiT 'TtTT'' 

srowth factors, such as nerve 
growth factor, epider»l growth factor, end hu«n growth 
3. hor.o„e, tissue plassinogen ««i,.tor.- factor 

granulooyte-.aorophage oolony-sti.uiatin, factor, 
^mhr^i^i., insulin,, calcitonin, thysidin. La"?'.:: 

, """"I"' -"1i»«y Of toxic poptidM 

^Hi^ « --oPlaBtic cell, can hav. „,or ther.p.utic 
h^efits. current peptide delivery systes. suff„ fro. 
.ignifieant probl..., including the inability to 
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effeotiv ly Incorporate functional cell surface receptors 
o„t c 11 »e»branes, and the necessity of systemically 
administering large quantities of the peptide (with 
resultant undesirable systemic side effects) in order to 
deliver a therapeutic amount of the peptide into or onto 
the target cell. 

These above-described problems associated with gene 
therapy. Immunization, and delivery of therapeutic peptides 
to cells are addressed by the present Invention. 

PEgCRIPTTOW OP TBH noi^^^fj 

\ 7"^''"'' autoradiograms of chromatographic 
studies Showing the expression of the CAT gene in mouse 
Buscle* 

Plgnre 2 comprises photomicrographs of muscle tissue 
beta-galactosidase activity following Injection 
with the pRSVLac-2 DNA vector. 

Figure 3 presents data for luciferaae activity in muscle 

following the Injection of /^gLucBgAn into muscle. 

Figure 4 presents an autoradiogram of a Southern blot after 

analysis of extracts from pRSVl^inj acted muscle. 

Figure 5 coi^prises graphs showing antibody production in 

»ice following the injection of a gene for an immunogenic 

peptide* 

Figure 6 comprises graphs showing antibody production in 
aice following the injection of mouse cells transfected 
with a gene for an immunogenic peptide. 

suMMftRY m> TffK Tm?TTTQTT 
The present Invention provides a method for delivering 
a pharmaceutical or immunogenic polypeptide to the interior 
" vertebrate in vivo, comprising the step of 
introducing a preparation comprising a pharmaceutically 
acceptable Injectable carrier and a naked polynucleotide 
operatively coding for the polypeptide into the interstitial 
space of a tissue comprising the cell, whereby the naked 
polynucleotide is taken up into the interior of the cell and 
has an immunogenic or pharmacological effect on the 
vertebrate. Also provided is a method for introducing a 
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polynucleotide Into muscle cells in vivo, comprising the 
steps of providing a comp sition comprising a naXed 
polynucl otide in a pharaaceutically acc ptable carrier, and 
c ntacting the compositi n vith muscle tissue of a 
5 vertebrate in vivo, whereby the polynucleotide is introduced 
into muscle cells of the tissue. The polynucleotide may be 
an antisense polynucleotide. Alternatively, the 
polynucleotide may code for a therapeutic peptide that is 
expressed by the muscle cells after the contacting step to 

10 provide therapy to the vertebrate. Similarly, it may code 
for an immunogenic peptide that is expressed by th? muscle 
cells after the contacting step and vhitih generates an 
immune response, thereby immunizing the vertebrate. 

One particularly attractive aspect of the invention is 

15 a method for obtaining long term administration of a 
polypeptide to a vertebrate, comprising the step of 
introducing a nalced DNA sequence operatively coding for the 
polypeptide interstitially into tissue of the vertebrate, 
whereby cells of the tissue produce the polypeptide for at 

20 least one month or at least 3 months, more preferably at 
least 6 months. In this embodiment of the invention, the 
cells producing the polypeptide are nonproliferating cells, 
such as muscle cells. 

Another method according to the invention is a method 

25 for dbtaining transitory expression of a polypeptide in a 
vertebrate, coiq»rising the step of introducing a nalced mRNA 
sequence operatively coding for the polypeptide 
interstitially into tissue of the vertebrate, whereby cells 
of the tissue produce the polypeptide for less than about 

30 20 days, usually less than about 10 days, and often less 
than 3 or 5 days. For many of the methods of the 
invention, administration into solid tissue is preferred. 

One Important aspect of the invention is a method for 
treatment of muscular dystrophy, comprising the steps of 

35 introducing a therapeutic amount of a composition 
comprising a polynucleotide operatively coding for 
dystrophin in a pharmaceutically acceptable injectable 
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carrler la vivo into auscle tissuA , 

_ . T;asBue of an animal sufferino 

^ »«=ul« dystrophy, «h reby the poXy™=x.otide ^ 

t-»n ^ i« th. «u. „a dystrophin 1. pr d„o«, 

^c^rtZr " ^t«»titi.ny .„to th. 

=ro*^ tavwtlon .!«, include. ph.r»iceutlcal 

product, for .11 ot th. us.. cont«:,pl,t«l in th. ..thod. 

10 product, co.prl.t., n.X.d polynuclsotid.; opsrut".^ 
codln, to, . biolo,lc.lly .otlv. polyp.^. 
Physlologicliy .cc.pt.hi. .d.i„lstr Ji."ic^" L, . 
«nt.in«:, .nd . notic. .s.oci.t«l with th. cont^i„„ i^ 

1.^.1^;. T; " P^™.ceutio.l., «,loh .Ltic 

1. r.fl«*ty. Of .ppro».l by th. of th. for. of th. 

polynudnstid.: for hunan or ».t.rtr..™ ^ , . 
siud. .-n™ • veterinary .d.inl.tration. 

such notice, for uaapie, nay b. th. i>h.i<_- 
♦I.- I, . . . labeling approvm by 

the o.s. Food and Drug idninUtration for pre«rlnti<» 
20 drugs, or the appro«d product insert. P"«'lPtion 

In another «.hodiMnt, th. invention provide. . 
Ph.r»c.utic.l product, co.prl.ing naX.d pol^uclettlde 
oP«.tively coding for . biologically active ^i^ ^ 
25 " P>V«i=l.gically acceptable inject^e ca«i^ 

=5 ^ .uitabl. for introduction int.r.tltluiy into 

to ««.. di. Of th. tis«.. to express the polypeptide^ 
container «,ao.i„g the solution, and a ncUc"as^ol!:;.d 
With th. container In ,om pr«icribed by a ,ov«n«,t.l 
.9.noy r.gulatin, th. nanuftctur., us., or .air o, 
30 phar^ceuticls, *ich notice is reflective 'of "pp::::i 

the .,««y Of Mnufacture, use, or sale of the s^ution S 
Pclyn^eotid. for hunan or veterinary adninistration. ^ 
P^e ^y b. i.n„nog«,ic and administration of th. 
solution to . huBu. «y s«H,. to vaccinate the hu«m, or an 

a*^ 't T'"''' ^'^^ ^ therapeutic 

adi^istratlon of th. «,iution to a v^tttraf in .e«l of 
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th.r^ relitln, to the pcl„ ptlfle wUl h.v . therapeuttc 

Als provided by the present Imrenti „ is , 
Ph.r..c.utic.l product, oo.pri.tn, „.k.d .„ti. J 

tat^tttxally ir^ . tis«e to o.»i„ o.u. of the tl.«.e 
to ^ UP the poX,™=l.otld. .„d provide . th.r.p.u«o 
rtfeot, . oont.l«„ «.olo.l», the «,l»tlon, ^ . „otice 
10 .«iocl.t«. With the cont.l«r 1„ for. prescribed 

»ov.r™««,i r,^.tl.„ the «™.f.etur., «„, or 

B^' Of phai«.ce«tiaas, rtlch nrt^ce Is reflective of 
.pprovel by the .g«,cy of M„»f.ct»re, „... or s.1. of the 

relet^' /"tlcolmy l,5„rt«,t aspect of the invention 
reletM to . ph.r«e.«l«l product for tr.at«„t oj 
;^j7.trophy, conprlsin, . .terUe, ph.r..ce„«L:y 

« ! • «*^<=«"«"y effective ««,„nt of 

20 . n«c«i polynucleotide oper.tlv.ly coding for dystrop^^ Z 
the c«:rler, end . container endoeln, the career !n^ t^^ 
polynucleotide In sterile fashion. ' "« the 

Preferably, the polynucleotide Is Dm. 
25 r««P«tive, the im-enUon lnclud«i a 

r!^^^ "^"^ use in supplying a biologically 
.ctlve polypaptide to a vertebrate, co.pri7inT I 
Pl»r»ceutlcally effective ««ont of a ^ polynudj^d! 

30 r " *^ P<.lynucl«,tid. in a sterile 

pei-ittin, transfer of the polynucleotide fro. thi 
container to the Interstitial space of a tl™= k 
ceils Of the tissue can tA." up and 
polynucleotide. The »an, for p.r.itting such t^~ Z 
include a conventional septu. that can be p««^ted. e T 

liLe"~S:" container i;": 

iWringe, the TOans my be considered to cospris. the 
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plunger of the syringe or a needle attached to the syringe 
containers used in th present invention will usually have 
at least i, preferably at 1 ast 5 r lo, and aore 
preferably at least 50 or 100 nicrograiDs of polynucleotide 
to provide one or aore unit dosages. Por many 
applications, the container will have at least soo 
micrograas or i ailllgraa, and often will contain at least 
50 or 100 nilligrana of polynucleotide. 

Another aspect of the Invention provides a 
phar«iceutical product for use in liniBunizing a vertebrate 
comprising a pharmaceutically effective amount of a naJced 
polynucleotide operatively coding for an immunogenic 
polypeptide, a sealed container enclosing the 
polynucleotide in a sterile fashion, and means associated 
15 with the container for permitting transfer of the 
polynucleotide from the container to the interstitial space 
of a tissue, whereby cells of the tissue can take up and 
express the polynucleotide. 

still another aspect of the present Invention la the 
20 use of naked polynucleotide operatively coding for a 
physiologically active polypeptide in the preparation of a 
pharmaceutical for Introduction interstltially into tissue 
to cause cells comprising the tissue to produce the 
polypeptide. The pharmaceutical, for example, may be for 
25 introduction into muscle tissue whereby muscle cells 
produce the polypeptide. Also contemplated is such use 
Wherein the peptide is dystrophin and the pharmaceutical is 
for treatment of muscular dystrophy. 

Another use according to the Invention is use of naked 
30 antlsense polynucleotide in the preparation of a 
pharmaceutical for Introduction interstltially into tissue 
Of a vertebrate to inhibit translation of polynucleotide in 
cells of the vertebrate. 

The tissue into which the polynucleotide Is Introduced 
35 can be a persistent, non-dividing cell. The polynucleotide 
may be either a DNA or rna sequence. when the 
polynucleotide is DHA, it can also be a DKA sequence ^Ich 
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ls its If non-repUcating, but is inserted into a plasaid 
and the plasmid further coapris s a replicator. The DKA may 
be a sequ nee engineered so as n t to integrate into the 
host cell genome. The p lynucl otide sequences oay code for 
5 a polypeptide which is either contained within the cells or 
secreted therefron, or nay comprise a sequence which directs 
the secretion of the peptide. 

The im sequence aay also include a promoter sequence, 
in one preferred eiobodiment, the dha sequence includes a 
10 cell-specific promoter that permits substantial 
transcription of the ona only in predetermined cells. The 
DKA may also code for a polymerase for transcribing the 
UNA, and may comprise recognition sites for the polymerase 
and the injectable preparation may include an initial 
15 quantity of the polymerase. 

In many instances, it is preferred that the 
polynucleotide is translated for a limited period of time 
so that the polypeptide delivery is transitory. The 
polypeptide may advantageously be a therapeutic 
20 polypeptide, and may comprise an enzyme, a hormone a 
lymphokine, a receptor, particularly a cell surface 
receptor, a regulatory protein, such as a growth factor or 
other regulatory agent, or any other protein or peptide 
that one desires to deliver to a cell in a living 
25 vertebrate and for rtiich corresponding DMA or mRNA can be 
obtained. 

in preferred embodiments, the polynucleotide is 
introduced into muscle tissue; i„ other embodiments the 
polynucleotide is incorporated into tiasuess of skin 

30 brain, lung, liver, spleen or blood. n»e preparation ii 
Injects into the vertebrate by a variety of routes, which 
My be intradermally, subdermally, intrathecally or 
intravenously, or it may be placed within cavities of the 
body. in a preferred embodiment, the polynucleotide is 

35 injected intramuscularly, m still other embodiments, the 
preparation comprising the polynucleotide is impressed into 
the skin. Transdermal administration is also contemplated 
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aa is inhalation. 

in ne preferred eabodiaent, the polynucleotide is dna 
cdxng fr bth a p lypeptide and a polyn^eras for 

5 sir 'ft^the": T' incites "rero^itit 

Sites for tba polynns. ma tha Injectable prepar»tlon 
includes . ^ p^,^, „ initieT:^: ™ 
Of poller... in the ..U. Il» inltiel ,™„«ty 2 
poxyner™, be pby.ic.lly present tojether witb tb. »«. 
Mten-tively, it »«r be provided by indudin, ^ ^ 
1. tbsrefor, «aob i. tr«..i.^ ^ ^ ceu 

«^>^ Of tbe invention, tb. ™» i. p„fe^i^ . 
Ples-dd. Preferably, tbe pol,«r..e is pb.,. „ poiyne^..: 
ZZ."^"^ .it. is . „ 
IS I. .ccord^e Witb anotber .sp«* ^ ^ invention, 

«.«. !. provided a netbod for tr«itlng a di..^: 
.s.ociat«l vltb the deficiency or absence of a .pell"' 
Poll^ld. in a vertabrate, cprisin, tbe .^^ "f 
obtainm, an injectable preparation co^rlsino . 
» pb^ceutlcally acceptable Injectable crri„ c^jii' I 
"^polynucleotide coding for tbe specific pol^id.? 
introducing tb. injectable preparation into a v«Sbr.te 
«^ pemittin, tb. polynucl«,tide to be Incorpor.^^^^ 
e.11, herein tbe polypeptide i. for»d as Se ^T^i' 
« prod«t Of tbe polynucl^tide. and ^reby tbel^'^ 
or ab«nce of tbe polypeptide i. cospensated f or T 
Pr^- .M..dl«nts, tbe preparati™, i, mtrcduc*. into 
~~1. ti.su. and the «tbod is a,pli«, ^tltlvely. Tb. 
30 , •'"vantagec.ly a»lled «,« the deflcl«^ 

^^IZbl^ r*""^"*- .^l^leoti^ is 

^ T ' "9«nce, tbe seguenc 

«Jr .!«. be incotporat*. into a piasnid v«*or ^i^ 
coBprlse. an origin of replication. 

in one of the preferred enbodlnents, tb. 
« ^y«.=l..tld. codes for a no„-secr,t«, polypeptla;, a^^ 
th. polypeptide renains i, According to t^ 

enbodi^nt, vb«, th. polynucleotide codes for ttl 
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Polypeptld dystrophin, the method provides a th. 
Duchenne'8 syndrome; alternatively IIZ T ^^^'^ 
codes f r the polvoentlH? T * Polynucleotide 

i-ethod comprises a "^It ,^""^'*"^^^ ^hydroxylase, the 
S preferred l^Ut ofTe JJTT"^'''^'^' ^^''^^ 
- a polypeptide whilh' iTse"::^^; 0"^^ "i^^" 

Into the circulation of the verteb^^t!: . "'^^"^^ 
preferred embodiment the ^ * Particularly 

»»wauient the polynucleotide codes 
growth hormone. cooes for human 

««Prl»i^>9 M e»r...lKr . '^t'l^ing , preparation 

20 prepM^tloi, into , v«*«,!ir ^ introdueln, th. 

Prc-uct « t.„ pox;n;*r?r . t^e^ 

y«t.^t., ««ch .ucit. „ ^i:^: r" " 

l»™nogen. In on. ^ »»pMia, against the 

xn one eabodlaent of the >eUiE.i i ^ 

preparation eoaprlsea a »h.™.- 27 injeotabl. 
« contain!,^ an ^^JLf. ?" """^ .cceptabl. carrier 
i»»»o,.nlc pe^r^^ PolJm»cl«,ti<ta eodln, ,or an 

Pr^rallon Jr"T'^ °' 

ineorporatad Into a eelTT^L ^ ""H^d'OtW. 1. 

i»»=9«ac tranalatlon io^l^ti r^*" " 
30 fon«l, rt,ipfc ^i^i^ ^^!L ^ polynucleotide 1, 

1» •» alternative enbodiaent th. _ 
c«*rl«. one or «,r. cell. obtain^'toTlH 
"0 tranetected in ,ltro with ttL „ , vartabrate 
'5 the polynucleotide 1. IL^ra^ Polymzcleotlde, «,.reby 

« l™»o,enlc translatir^ori'"" 

-r-a. .ereh, on the-'lntrTuA^irorr'-pi^^^ 
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Into th v.rtebr.t., ^ ^ 
invention, the l™.«„.^c product «y be ^oteted by the 
5 la the context of the «jor hlstocoi^tibiuty «,tta^ 

™n.ttf the'^:::::,™: 

ra. xethod >.y be pr.ctio.4 n.l„, noa-alvldtno 
-l««e.ti.ted cells tro. the vertebrates,' ^ch ZTZy 
be lymphocyte,, obtained fro. . blood saaoief 
a teraatlvely. It „y be practiced usln, P«tuv 

:k ^ ' "^'"^ eabodteent, the aethod 1. 
practiced by incorporatin, th. polynucUotid. codln. 7„ ^ 
i-^nogenlc translation product into .^ol. tl„» 
a. ^ f ^^=l~ti'ta a««« for i-.uni«atlon 1. .rably 

«L T^' ("ivaacleotld. «,y b. Introduced into 

Of the b».y ..in, the injectable carrier al^^ 
lipo.«.l preparation^ .re preferred for «thods in wh^ 

iLtl ? *"-««tion. Of cell. Obtained 

vertebrate are carried out. 

jae carrier preferably is Isotonic, hypotonic or 
weakly hypertonic, and has a relatively low i^ ltl^^ 
such as provided by a sucrose solution. 4T pre^S^; 
Z^^. -^-tageously co^rise a source o.T^^l 
wblch Is Incorporated into liposoaes In the toZ^ JT^I 
polypeptide or as a polynucleotide. * * 

The aethod »ay be used to selectively elicit a humoral 

«Z • -""1- response, or a »lxture"J 

these. in enbodiaents wherein the cell exnr«««-- ^ 
"^cccpatibility ccpie. of da., x, l!!:. 
^d. U pr.«nted in th. cont«: of th. «... i co^ 

T::z.v^'r -^"^^ - p-d"^ 

in on. such e.bodi«nt, the Immogenic peptide is 
^ociated With a virus, i. pr„«^ ^ ^ " 
a... I «,ti,«,., „d rtl«»l.tes cytotoxic T-cell. »hich 
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are capable- Of destr ylng cells Infected with the virus, a 

^TtL^r" ----rain, 
the method Where the polynucl otide codes for a truncatel 
viral antigen lacking himoral epitopes. 
^ Dentl^^ mother Of these e^bodiioeiitB, the i»a«unogenic 
peptide is associated with a tu«or, is presented jT the 
context of class I antigens, and stimulates cytotoxic T 
cells Which are capable of destroying tumor cells, m vet 
another embodiment wherein the injectable preparation 
10 co^rise, ceils taken from the animal and tra^fe^ed t 
vitro, the cells expressing major histocompatibility 
antigen of class X and class XI, and the immune «sponse 2 

b!S ^TZ, """"" ^ '^^'^^^ production of 

both antibody and cytotoxic T-cells. 

15 in another embodiment, there is provided a method of 

a^siuU^neTli^^^^^^^ '"^^ 

pouuvaly durged liposoM containing an sxsrassihl. 

l«tr«taol„, th. ll,o«« into a «rt.br.t., 7..^ ^ 

«otl>.r cil. „ i™.nog«,ic translation pLac^ of 

tto polyn«cl«,tia. i. for^, ^ th. pro*.ct is proea..«, 
»a pras«t.a bj, the C.U i„ the context of the „Jor 
Matocon^tibUity oo^iex, tharehy eliciting an iJn. 

»9.1n. th. polynocleot^ 
i. pre.er^ly although DHA „y .1.0 h. uel. j^na a. 

.tilitin, juat the polyn«ol«*ld. in an lnj.ct.hl. <«ri« 

Invention alao «»o>pa.... the Me ot oa 

t««^rihing the ™», .na ^he 0H» ir^^ 

«C09nitt0n ait., for the pol,«r.a.. mitiai ^^ity 

of poly,«:„. i. p^wad b, including .m coding theraf J 
the preparation, »hioh i. tranalated by the cU 

« ^ ^ praferahly i. pro»id«l «ith ,or retard^ 

its degradation in th. call. ihi. «„, includ. capping th. 
-Ma, Circularizing the UMA, or cheaically bloclclng tt. 5. 
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e«l Of the The DNA used in the Invention »ay be in 

the for» f linear im r »ay be a pias.id. BpisoLl dna 
is also conteiaplated. one preferred polymerase is phage T7 
PNA polyBerase and a preferred recognition site is a J rnI 
5 polymerase promoter. 

PBTAILEP m^PrRTPTTOW OF 1^ TI^TTTTTni 
."T* the present invention requires 

obtaining naked polynucleotide operatively coding for a 
polypeptide for incorporation into vertebrate cells. a 
hlsTlI tl T""'"^'" • polypeptide «hen it 

a taJ^et T — expression by 

a target cell, sue* as promoters and the like. These 
polynucleotides can be administered to the vertebratT^ 
any method that delivers injectable materials to ceUs ft 

ZJl^T::"^' " ^ ^« interstitiL 

^ce of tissues such as muscles or skin, introduction into 
the^cir^ation or into body cavities or by inhalation or 
insufflation. a naked polynucleotide is injected or 
otherwise delivered to the animal with a pharmaceutiluy 
IZT'^ applications^e 

st^iL " °" "^"-^ ' compiising 

sterile, pyrogen-free water. «,e pH of the preparation is 
suitably adjusted and buffered. 

25 Of 11^! the invention that require use 

25 Of liposomes, for example, when the polynucleotide is to be 
associated with a liposome, it requires a material f^ 
2^r/./ preferably cationic or positively 

TZV^^' and retires that liposomal preparations 

30 Jn^^ r"'""*'"' *ith the liposomal material 
the polynucleotide may advantageously be used to 

^^.T '° '^•^ l»»unlzing agents, or 

to administer polynucleotides into bodily sites where 
liposomes may be taken up by phagocytic cells. 
PolvniiGlBfttllfl' ffateyli^l ff 
35 The naked polynucleotide materials used according to 

or DKA and RMA sequences coding for polypeptides that have 
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useful therap.utlc .ppllctlon.. Thei« Poly„.cl,otid. 
^ deliver t^t act t. ..cuLte ^ „? 

«9»"ce., partlcul^ly „y vital partlel.. 
^ioh »y carry i„t.r„tlc«. ^^J^ 

boat «11. Th^ „y b, lKm-«plicati,H» ma. aequences or 

IS it: 1° 'nZ^' to 

15 lae* th* 9*n<ni«-int«gratlsn ability. 

PolynueleoUd. ..^a»=e. of tl,. i™«,tio„ ar. »« 

^ «P by a call. poly«.cl.otid«. that ar. 

th«i«lv.s tb.rap.utlc ar. ai,ti-aM,« ^ j^, ^ 

"r;i-— « — — — 
r.r.tod^'Trr.nT^rti * -'^^ '^ 

,B , . ^ translation product of a 

«^ m*. Ih«rap.«tlc polypeptide include a. a ^i™^ 
«c..ple, tbos. polyp.ptld.. tbat can =0.*e„.aL^ 

„, , ' oonrMTTlng polypeptides, whicA 

c« «t a. .»d.,«««.. i»«,og«„ to provok. . bu.^., „ 

S5 acoordin, to th. prM««: l«v«tlon cnn also codeTT^ 
•JJtlboay. ^- tbi. regard, tb. ur. -antibody, t^o^.:: 
«bol. i»uno,lobulin of any olas., *Wic Ltlbodir^ 
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hybrid antibodies with dual r miltiple antigen or epitope 
specificities, and fragments, such as P(ab)2, Pab', Pab and 
the lik , including hybrid fragments. Also included within 
the m aning of "antibody" are conjugates of such fragments, 
5 and so-called antigen binding proteins (single chain 
antibodies) as described, for example, in U.S. Patent No. 
4,704,692, the contents of which are hereby incorporated by 
reference. 

Thus, an isolated polynucleotide coding for variable 

10 regions of an antibody can be Introduced, in accordance 
with the present invention, to enable the treated subject 
to produce antibody in situ. For illustrative methodology 
relating to obtaining antibody -encoding polynucleotides, 
wee Ward et al. UatBCfi, 341:544-546 (1989); Gillies et al., 

15 pipt^ChnPlt 7:799-804 (1989), and Nakatani et al., lol! 
cit., 805-810 (1989). The antibody in turn would exert a 
therapeutic effect, for example, by binding a surface 
antigen associated with a pathogen. Alternatively, the 
encoded antibodies can be anti-idiotypic antibodies 

20 (antibodies that bind other antibodies) as described, for 
examplB, in U.S. Patent No. 4,699,880. Such anti-idiotypic 
antibodies could bind endogenous or foreign antibodies in a 
treated individual, ther^ to ameliorate or prevent 
pathological conditions associated with an immune response, 

25 e.g., in the context of an autoimmune disease. 

Polynucleotide sequences of the invention preferably 
code for therapeutic or immunogenic polypeptides, and these 
sequences may be used in association with other 
polynucleotide sequences coding for regulatory proteins 

30 that control the expression of these polypeptides. The 
regulatory protein can act by binding to genomic OKA so as 
to regulate its transcription y alternatively, it can act by 
binding to messenger RNA to increase or decrease its 
stability or translation efficiency. 

The polynucleotide material delivered to the 
cells In vivo can take any number of forms, and the present 
invention is not limited to any particular polynucleotide 
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coaing tor .„y p,rticul.P polypeptide or jroup o£ 
Pol».ptld«. It »y contain nly . rr.,.«,t ot ' 

^itl nally contain rocnltion «»I pro. t« .eaMnce^ 
P^.i.lo,xc.«y .ctiv. peptide ^ .nti,«u.l l^u^^eL 

obtain*! by thoM of sUll In tho art. 'Maiiy 
Stop, the polynucleotide la to be ma » 

taoM.. For exa^ie. tor m 
.tron, pro«^ include «sv im., HPsv ltr, sv4o 
..tallotbioneln proaoter. « .„ ^e 1^ 

15 «V lEP aay adv«,ta^ouely b.^^. "^^ 

d!^ be ' or non-replicatin^-^JS 

C^entl™ *^ eonte-^lated by the 

With the availa.illty of aaton.t«l nucleic add 

o^^r. »«=l«*id. «^enoe is ltno«, or by a 

»^ln.ti«. Of PCR Cloning and fer^ntation. HoreZr 

Sl:^. *^ polynucleotide c«.'b. 

or».^,*^* Poly™=l»tide i. It c«. be reedil, 

prepared fro. the corresponding dha p,^ 

xTt T r^"^ """" '™ poayj:.r:«: 

13, or T7 to prn«r. «ia fro. ma tenplate. i„ thl 
30 presence of the individual rlbonudeoaide trZe^tT 
»n .pproprlate phage pro«,t«:, ™oh a. a 17^^^^ 
"Plioation .it. i. Placed in the te.pl.te cTil^^teTy 

literature, e.g., i, carr«,t Frotoool. in itoiecal« 
Mology, §3.8 (Vol.1 1988). mieoalmr 
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One particularly preferred method for obtaining the 
BRNA us d in th present invention is set forth in Examples 
2-5. In general, however, it sh uld be appar nt that the 
pXGB plasmid or any similar plasmid that can be readily 
constructed by those of ordinary skill in the art can be 
used with a virtually unlimited number of cDNAs in 
practicing the present invention. Such plasmids may 
advantageously coDprise a promoter for a desired wa 
polymerase, followed by a 5' untranslated region, a 3' 
untranslated region, and a template for a poly a tract. 
There should be a unique restriction site between these 5' 
and 3' regions to facilitate the insertion of any desired 
cDNA into the plasmid. Then, after cloning the plasmid 
containing the desired gene, the plasmid is linearized by 
cutting in the polyadenylation region and is transcribed in 
vitro to form mRHA transcripts. These transcripts are 
preferably provided with a 5' cap. as demonstrated in 
Example 5. Alternatively, a 5' untranslated sequence such 
as EMC can be used which does not require a 5' cap. 

While the foregoing represents a preferred method for 
preparing the mHNA, it will be apparent to those of skill in 
the art that many alternative methods also exist. For 
example, the sSRSk can be prepared in commercially-available 
nucleotide synthesis apparatus. Alternatively, nawA in 
circular form can be prepared. Exonuclease-resistant SNAs 
sucSh as circular nRMA, chemically blocked mRHA, and mSKA 
with a 5' cap are preferred, because of their greater half- 
life in vlvom 

In particular, one preferred mRHA is a self- 
circularizing mRHA having the gene of interest preceded by 
the 5' untranslated region of polio virus. it has been 
demonstrated that circular mRHA has an extremely long half- 
life (Harland « Misher, DevelopMnt 102: 837-852 (1988)) 
and that the polio virus 5' untranslated region can promote 
translation of ORHA without the usual 5' cap (Pelletier 6 
Sonnenberg, Nature 334:320-325 (1988), hereby incorporated 
by reference). 
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Ibl. »itttl.l „y ^ pr,pared ft™ . teBplat that 

U.I., .ethod f B„„ , c.=h, cell «7-2j^; 

5 t«pl.t. by l,uauding th, 5' untraiBlated realon of t^! 
polio vi«. i^uuiy .p.tr~. of th. g„. of iJr^ 
^U«l„, the proeedur. of K«.Utls, T. et .1. «,„^ 
^= A I*BOI>»T»„ cold 

Mm that i. Childly bloOMd at th. 5' «M|/or 3' 

««> th.r.for. do-. cl«v. ia» i„ th. .tddl. of th. 

15 T, J^r ,T' """^ =»bst.ntlally l.„^ 

UB.d to .odlfy p„» .„ avallahl. f„. ci.„.t.o; 
Labontori.., i„c., p.io »ito, California- « 
*"ii>o«odifl«. (Catalog • s204-ii .J • "^iromia. cj 
t Klo»,.,. L 5204-1) and toii,o-7-dOTP (catalog 

20 tJ^ 12' , ""^"^ th! 

RBA .01.CU1. of inter..t, an approprlat. raaotiv. 

«*.tltu«,t can b. llnlcd to th. aoeordin, t. tll 

-anufacturar.. instruction.. ^ adding . ,Z 

25 im&sft can be prevented. 

•^"-'nnt tinnn Thiriini 

Dnlik. g«. thwrapiM propo«sd U, th. paat, on. »a1or 
Of th. pr««t inv«,tion i. th. tL.^^^^^ 
of th. polynuolootid. synthMls in th. crtl. tvJZSTl 
30 m. a. r.,.r.ibl. ^ th.r.„, or ^ , ' ki^*:^ 
^cd .coordin, to th. pr«..nt lnv«^j„, ^..'^ 
.m j«,^ly laat abo* on. day. ^ ^ 

"ot l>»v. to p«>.tr.t. th. nucl.™. to air«* Drot.l„ 
35 .y«h..i., thorafora. it «.ould hav. no ,«.tiT!ia^"l 

.av ^ • »0" prolonged .f£«:; 

~y be d..ir«l vithort: inooxporation of th. «,og«,o«. 
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p lynucleic acid into th genoae of the host organism, 
in order to provide each an eff ct, a preferred embodiment 
f the invention provides introducing a DHA seguenc coding 
for a specific polypeptide into the cell, we have found, 
5 according to the aethods of the invention, that non- 
replicating DNA sequences can be introduced into cells to 
provide production of the desired polypeptide for periods 
of about up to six months, and ve have observed no evidence 
of integration of the DNA sequences into the genome of the 
10 cells. Alternatively, an even more prolonged effect can be 
achieved by introducing the OKA sequence into the cell by 
Beans of a vector plasaid having the DNA sequence inserted 
therein. Preferably, the plasmid further comprises a 
replicator. Such plasmids are well known to those skilled 
in the art, for example, plasmid pBR322, with replicator 
PMBI, or plasaid pMKlC, with replicator ColEl (Ausubel, 
gmrrgnt Protocols in Molecular- th»i » ty , John Wiley and 
Sons, Mew York (1988) SIZ:1.5.2. 

Results of studies of the time course of expression of 
DKA and URKA introduced into muscle cells as described in 
ExaB5)les 1 and 13 Indicate that mRMA expression is more 
rapid, although shorter in duration than DNA expression. 
An immediate and long lived gene expression can be acShieved 
by administering to the cell a liposomal preparation 
25 comprising both OKA and an RMA polymerase, sutih as the 
phage polymerases T7, T3, and SP6. The liposome also 
includes an initial source of the appropriate SHA 
polymerase, by either including the actual enzyme itself, 
or alternatively, an orha coding for that enzyme, ifhen the 
30 liposome is introduced into the organism, it delivers the 
OKA and the initial source of ska polymerase to the cell. 
The RNA polymerase, recognizing the promoters on th^ 
introduced DMA, transcribes both genes, resulting in 
translation products comprising more RNA polymerase and the 
35 desired polypeptide. Production of these materials 
continues until the introduced DMA (which is usually in the 
form of a plasmid) is degraded. In this manner, production 
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of the desir d polypeptide in vivo can be achieved in a fev 
hours and b extended f r one aonth or at r . 

Although n t limited to the treatnent of genetic 
disease, th m thods f the invention can accordingly be 
5 appropriately applied to treatment strategies requiring 
delivery and functional expression of missing or defective 
genes. 

The polynucleotides nay be delivered to the 
interstitial space of tissues of the animal body, including 
those of muscle, skin, brain, lung, liver, spleen, bone 
■arrow, thymus, heart, lymph, blood, bone, cartilage, 
pancreas, kidney, gall bladder, stomach, intestine, testis, 
ovary, uterus, rectum, nervous system, eye, gland, and 
connective tissue. Interstitial space of the tissues 
15 comprises the intercellular, fluid, mucopolysaccharide 
matrix among the reticular fibers of organ tissues, elastic 
fibers in the walls of vessels or cshambers, collagen fibers 
of fibrous tissues, or that same matrix within connective 
tissue ensheathlng muscle cells or in the lacunae of bone. 
It is similarly the space occupied by the plasma of the 
circulation and the lymph fluid of the lymphatic Channels. 
Delivery to the interstitUl space of muscle tissue is 
preferred for the reasons discussed below. 
Ohey may be conveniently delivered by injection into the 
25 tissues comprising these cells. They are preferably 
delivered to and expressed in persistent, non-dlvldlng 
cells which are differentiated, although delivery and 
expression may be achieved In non-differentiated or less 
completely differentiated cells, such as, for example, stem 
30 cells of blood or skin fibroblasts. He have discovered 
that In vivo muscle cells are particularly competent in 
their ability to take up and express polynucleotides. This 
ability may be due to the singular tissue architecture of 
muscle, comprising multinucleated cells, sarcoplasmic 
35 reticulum, and transverse tubular system. Polynucleotides 
may enter the muscle through the transverse tubular system, 
which contains extracellular fluid and extends deep into 
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the muscle c 11. it is also possible that the 
polynucleotides enter damaged muscle cells which then 
recover. 

Musol is also advantageously used as a site for the 
5 delivery and expression of polynucleotides in a number of 
therapeutic applications because animals have a 
proportionately large muscle mass whlcih is conveniently 
accessed by direct injection through the skin; for this 
reason, a coa^iaratlvely large dose of polynucleotides can 
10 be deposited in muscle by multiple injections, and 
repetitive Injections, to extend therapy over long periods 
of time, are easily performed and can be carried out safely 
and without special skill or devices. 

Muscle tissue can be used as a site for injection and 
15 expression of polynucleotides in a set of general 
strategies, which are exemplary and not eschaustive. First, 
muscle disorders related to defective or absent gene 
products can be treated by introducing polynucleotides 
coding for a non-secreted gene product into the diseased 
20 muscle tissue. In a second strategy, disorders of other 
organs or tissues due to the absence of a gene product, and 
whicsh results in the build-up of a circulating toxic 
metabolite can be treated by introducing the specific 
therapeutic polypeptide into muscle tissue where the non- 
25 secreted gene product is expressed and clears the 
circulating metabolite. m a third strategy, a 
polynucleotide coding for an seoretable therapeutic 
polypeptide can be injected into muscle tissue from where 
the polypeptide is released into the circulation to seek a 
30 metabolic target. Biis use is demonstrated in the 
eiqnression of growth hormone gene injected into muscle. 
Example 18. Certain Wh segments, are known to serve as 
"signals" to direct secretion (Wickner, W.T. and h.p. 
Lodlsh, Sgjgngg 230:400-407 (1985), and these may be 
35 advantageously employed. Finally, in immunization 
strategies, muscle cells may be injected with 
polynucleotides coding for immunogenic peptides, and these 
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peptides will be presented by muscle cells in the context 
Of witigens of the major histocompatibility c mplex to 
prov ke a s lected immune response against the immunogen 

Tissues ther than th se of muscle, and having a less 
efficient uptake and expression of injected 
polynucleotides, may nonetheless be advantageously used as 
injection sites to produce therapeutic polypeptides or 
polynucleotides under certain conditions. one such 
condition is the use of a polynucleotide to provide a 
polypeptide which to be effective must be present in 
association with cells of a specific type, for exar..le, the 



cell surface receptors of liver cells associated with 

15 Zl ! application, and i„ many 

15 others, such as those in which an enzyme or hormone is the 
gene product, it is not necessary to achieve high levels of 
e^ession in order to effect a valuable therapeutic 

,n ^ . application of T6T is in the treatment of muscular 
20 ^strophy The genetic basis of the muscular dystrophies 
is just beginning to be unraveled. The gene related to 
Duchenne/Becker muscular dystrophy has recently been cloned 
and encodes a rather large protein, termed dystrophin. 
Ret^iral vectors are unlikely to be useful, because they 

(about 13kb) for dystrophin. very recently reported work 
is centered on transplanting myoblasts, but the utility of 
this approach remains to be determined. clearly, an 
attractive approach would be to directly express the 
30 dystrophin gene within the muscle of 'JZZ 

Duchenn«i. since most patients die fro» respiratory 
failure, the muscles involved with respiration would be a 
primary target. 

35 T^"^ application is i„ the treatment of cystic 

35 fibrosis. The gene for cystic fibrosis was recently 

identified (Goodfellow, P. HatSttfi, 341(6238) ;i02-3 (sept! 

14, 1989); Rommens, j. et al. fisifinss, 245(4922) :1059-1065 
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(September 8, «89) , Beardsley, T.et al., sci.n..... 
tofidian, 261(5) :28-30 (1989). Significant «n lioratTon of 
the s^pt«.s Should be attainable by the expression of the 
^sfuncti nal protein within the appropriate l«„g cells. 
5 The bronchial epithelial cells are postulated to ^ 
appropriate target lung cells and they could be accessible 
to gene transfer following instillation of genes into the 
inng since cystic fibrosis is an autosomal recessive 
disorder on. would need to achieve only about 5% of normal 

swL ^^'^^ ^ 

significantly ameliorate the pulmonary symptoms. 

Biochemical genetic defects of Intermediary metabolism 
can also be treated by TGT. These diseaLs indL" 
h^rT'' ^lactosemia, maple-syrup urine disease^ 
homocj^tinuria, propionic acidemia, methylmalonic acidemia 
Zl^Tr f^"" deficiency. The pathogenesis oi 

^) moL""^ PhenylJcetonuria 
(POT) inodel of a circulating toxic metabolite. n,at i» 
because of an enzyme block, a biochemical, toxic to the 
bo^ accumulate, in body fluids. These disorders are 
ideal for gene therapy for a number of reasons. Pirat, 

ratL,°!,7""' "^^^^^^y h-ve t; 

be attained in order to significantly clear enough of the 
circulating toxic metabolite so that the patients 
significantly improved. Second, the transferred gene could 
»ost Often be expressed in a variety of tissues and still 
be able to clear the toxic biocAemical. 

Reversible gene therapy can also be used in treatment 
To^T^' ^"^"cytoplasmic or intranuclear 

protein expression. some proteins are known that are 
capable of regulating transcription by binding to specific 
^omoter regions on nuclear DHa. other proteins bind to 
PNA regulating it. degradation, transport from the 
Zt -;-*-l«tion efficienpy. Proteins of this class 
»«8t be delivered Intracellularly for activity 
^cellular delivery of recombinant transcriptional or 
translational regulatory proteins would not be expected to 



wo 90/11092 

PCr/US90/0151S 

-27- 

h«r. blolcW .ctivlty, but functional deliv^,, of th. 
™» r «»» by T«T worn* b. .ctiv.. «^r««t.tivrprt.l 

TAT, itirold nnptor and the rrtinotd necpt r 

' b. used in , .trufsy to Increase th. 

l^!!!, T' " *° infection. 

^«™aucl»g an AIDS r«ist«« ..ch ... for ^anpi^ 

into » AIDS pati^t.. T cell. wUl r«x..r hi. t cell, 

c^. Of th. l™n. i,y.t«i and Inproving hi. ability to 
»<»mt a T cAl dependent l»„ma respon... mu. In 
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drtl«ry Of .d«,o.l„. dea.lna«. to i^ce or hunans, Z 
^l., ade^f l.«i, „ tr«»l,tion are achieved Wth I 
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*no«n activity can be r«idUy detenUa*!. 

Oi-an, rt,lch r«i«it fro. defldencle. of critical 
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protoins may be appr priately treated by introducing into 
specialized c lis, DMA r bRMA coding for these proteins. 
A variety f growth fact rs such as n rve growth factor a^ 
fibr blast growth factor have been shown to affect neuronal 
5 cell survival in aniaal models of Alzheimer's disease. In 
the aged rat model, KGP infusions have reversed the loss of 
cholinergic neurons. In the fimbria-fornix lesion rat, ngp 
infusions or secretion from genetically-modified 
fibr<»blasts have also avoided the loss of cholinergic 
10 function. Cholinergic activity is diminished in patients 
with Alzheimer's. The expression within the brain of 
transduced genes expressing growth factors could reverse 
the lost of function of specific neuronal groups. 

Introduction of DNA or mRNA by transfection of the 
15 gene for neuronal growth factor into cells lining the 
cranial cavity can be used in accordance with the present 
invention in the treatment of Alzheimer's disease. in 
particular, the present invention treats this disease by 
intracranial injection of from about lo pg to about lOO pg 
20 of DMA or fflRNA into the parenchyma through use of a 
stereotaxic apparatus. Specifically, the injection is 
targeted to the cholinergic neurons in the medial septum. 
HhB DNA or noiRA injection is repeated every 1-3 days for 5' 
capped, 3' polyadenylated mRMA, and every week to 21 days 
25 for circular mRNA, and every 30 to 60 days for DMA. 
injection of DMA in accordance with the present invention 
is also contemplated. DMA would be injected in 
corresponding amounts; however, frequency of injection 
would be greatly reduced. Episomal DMA, for example, could 
30 be active for a number of months, and reinjection would 
only be necessary upon notable regression by the patient. 

m addition, the enzymes responsible for 
neurotransmitter synthesis could be expressed from 
transduced genes. For example, the gene for choline acetyl 
35 transferase could be expressed within the brain cells 
(neurons or glial) of specific areas to increase 
acetylcholine levels and improve brain function. 
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The critical enzyn s Involved In the synthesis f 
other neurotransmitters such as dopamine, nor pinephrine, 
and GABA have been cloned and availabl . The critical 
enzymes could be locally increased by gen transfer into a 
5 localized area of the brain. The increased productions of 
these and other neurotransmitters would have broad 
relevance to manipulation of localized neurotransmitter 
function and thus to a broad range of brain disease in 
Which distuiM neurotransmitter function plays a crucial 
10 role. specifically, these diseases could include 
schixophrenla and manic-depressive illnesses and 
Parkinson's Disease, it is well established that patients 
with Parkinson's suffer from progressively disabled motor 
control due to the lack of dopamine synthesis within the 
15 basal ganglia. The rate limiting step for dopamine 
synthesis is the conversion of tyrosine to l-dopa by the 
enzyme, tyrosine hydroxylase, l-dopa is then converted to 
dopamine by the ubiquitous enzyme, dopa decarboxylase. 
That is why the well-established therapy with L-DOPA is 
20 effective (at least for the first few years of treatment) . 

therapy could accomplish the similar pharmacologic 
Objective by expressing the genes for tyrosine hydroxylase 
and possible DOPA decarboxylase as well. Tyrosine is 
readily available within the CWS. 
25 The genetic form of alpha-l-antitrypsin deficiency 

can result in both liver and lung disease. The liver 
disease, which is less common, is caused by the 
accumulation of an abnormal protein and would be less 
amenable to gene therapy. The pulmonary complications, 
10 however, would be amenable to the increased expression of 
aliAa-l-antltrypsin within the lung. This should prevent 
the disabling and eventually lethal emphysema from 
developing. 

Alpha-1-antitrypsln deficiency also occurs In tobacco 
smokers since tobacco smoke decreases alpha-l-antitrypsin 
activity and thus serine protease activity that leads to 
eii5>hysema. in addition, some recent data links tobacco 
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smoke's antl-txypsin ffect t aneiirysms of the aorta. 
Aneuzysns would also be preventable by raising blood levels 
of anti-l-antitrypsin sine this would decrease proteas 
activity that leads t aneurysms. 

Patients with degenerative disease of the lung could 
also benefit from the expression of enzymes capable of 
removing other toxic metabolites which tend to accumulate 
in diseased lung tissue. Superoxide disautase and catalase 
could be delivered by TGT to ameliorate these problems. 

TCT can be used in treatment strategies requiring the 
delivery of cell surface receptors. it could be argued 
that there is no need to decipher methodology for 
functional la vivo delivery of genes. There is, after all, 
an established technology for the synthesis and large scale 
15 production of proteins, and proteins are the end product of 
gene expression. This logic applies for many protein 
molecules whidi act extracellularly or interact with cell 
surface receptors, such as tissue plasminogen activator 
(TPA) , growth hormone, insulin, interferon, granulocyte- 
20 macrophage colony stimulating factor (6HCSF) , 
erythropoietin (EPO) , etc. However, the drug delivery 
problems associated with properly delivering a recombinant 
cell surface receptor to be inserted in the plasma membrane 
of its target cell in the proper orientation for a 
25 functional receptor have hithertofore appeared intractable. 

When DKA, or SKA coding for a cell surface receptor is 
delivered intracellularly in accordance with the present 
invention, the resulting protein can be efficiently and 
functionally expressed on the target cell surface, if the 
30 problem of functional delivery of recombinant cell surface 
receptors remains intractable, then the only way of 
aiq[>roacdiing this therapeutic modality will be through gene 
delivery. similar logic for nuclear or cytoplasmic 
regulation of gene expression applies to nuclear regulatory 
35 factor bound to DNA to regulate (up or down) SNA 
transcription and to cytoplasmic regulatory factors which 
bind to SNA to increase or decrease translational 
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efficiency and degradation. TCT could in this way provide 
therapeutic strategies for the treatment f cystic 
fibrosis, Buscular dystr phy and hyperch lesterolemia. 

Elevated levels f cholesterol in the blood oay be 
5 reduced in accordance with the present invention by 
supplying nRNA coding for the LDL surface receptor to 
hepatocytes. a slight elevation in the production of this 
receptor in the liver of patients with elevated LDL will 
have significant therapeutic benefits. Therapies based on 
10 systemic administration of recombinant proteins are not 
able to coB«)et« with the present invention, because simply 
administering the recombinant protein could not get the 
receptor into the plasma membrane of the target cells. The 
receptor must be properly inserted into the membrane in 

15 order to exert its biological effect. it is not usually 
necessary to regulate the level of receptor expression; the 
more expression the better. This simplifies the molecular 
biology involved in preparation of the mRNA for use in the 
present invention. Por example, lipi^/DNA or rna complexes 

20 containing the LDL receptor gene may be prepared and 
supplied to the patient by repetitive l.v. injections. The 
lipid conpiexes will be taken up largely by the liver. 
Some of the complexes will be taken up by hepatocytes. The 
level of U)L receptor in the liver will increase gradually 

25 as the number of injections increases. Higher liver LDL 
receptor levels will lead to therapeutic lowering of LDL 
and cholesterol. An effective lAHA dose will generally be 
from about O.l to about 5 mg/kg. 

Other examples of beneficial applications of TGT 

30 include the introduction of the thymidine kinase gene into 
macrophages of patients infected with the HIV vims, 
introduction of the thymidine kinase gene into the 
macrophage reservoir will render those cells more capable 
of phosphorylating A2T. This tends to overcome their 

35 resistance to AZT therapy, making azt capable of 
eradicating the HIV reservoir in macrophages. Lipid/KIA 
complexes containing the thymidine kinase gene can be 
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prepared and administered t the patient through repetitive 
Intravenous injecti ns. The lipid c mplexes will b taken 
up largely by th macrophage res rvoir leading to elevat d 
levels of thymidin kinase in the aacrophages. This will 
5 render the AZT resistant cells subject to treatment with 
AZT. The thymidine kinase therapy can also be focused by 
putting the thymidine kinase gene under the control of the 
HTLV III promoter. According to this strategy, the 
thymidine kinase would only be synthesized on Infection of 
the cell by HIV virus, and the production of the tac 
protein which activates the promoter. An analogous therapy 
would supply cells with the gene for diphtheria toxin under 
the control of the same HTLV iii promoter, with the lethal 
result occurring in cells only after HIV infection. 

These AIDS patients could also be treated by supplying 
the interferon gene to the macrophages according to the T6T 
method. increased levels of localized interferon 
production In macrophages could render them more resistant 
to the consequences of HIV infection. While local levels 
of Interferon would be high, the overall systemic levels 
would remain low, thereby avoiding the systemic toxic 
effects like those observed after recombinant interferon 
administration. Lipid/DNA or hna complexes containing the 
Interferon gene can be prepared and administered to the 
25 patient by repetitive intravenous injections. The lipid 
complexes will be taken up largely by the macrophage 
reservoir leading to elevated localized levels of 
Interferon in the macrophages. This will render them less 
susceptible to HIV infection. 
30 various cancers may be treated using T6T by supplying 

a diphtheria toxin gene on a DHA template with a tissue 
specific enhancer to focus expression of the gene in the 
cancer cells. Intracellular expression of diphtheria toxin 
kills cells. These promoters could be tissue-specific such 
35 as using a pancreas-specific promoter for the pancreatic 
cancer. A functional diphtheria toxin gene delivered to 
pancreatic cells could eradicate the entire pancreas. This 
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strata c md be „.ed „ . t«.t«„t for pancreatic 

difficulty survlvta, „ith « , paK^reas. ^hTTr^ 
.peclflc ..a.ancr would .„.ur. that .«pr?'lo„ ! 

^llpid coapl^,.. contalM,^ tl» diphtheria toxin oe^ 
»nd« the control of . tissue specific enh«K»r vo^/^ 
lntrod«c«J dlrecuy Into a cumulated artery "eeZ^ tf 

1. n^^r-ioTar:^"""^"™""--^^- 

tUsuT ^ VJT™^ *° P"=reatlc 

^ r-s^r: n^ctr-r jif^rnortcro: 

cobra venom factor or enterotoxln. 

Also, one could treat cancer bv ii«in« . 

" ri:rr "-^ «-v-y ««^i.°^ri* 

rapidly cydln, (dividing, such as cancer cells. ceTT 
«y«e speottlc Ullln, could also he .c«^"lshed 
Oe-isnln, ™u .ncodln, Miier protein, that .^T^S 
<»ly to cydln, cell, (i... ^^.tone ™« th.ri.^t 

Bf^uric promoters such as th« ueo #«<p «i i. 

t.«t is only ..pr...^ In ^.t^ liter tur^T 

h^tohU^osa cells that have dedlf ferentlat^^^LT J: 

could also treat sneciaii.^^ 
t»«..er Of , ens. such as thr:::ria.^,«r Z 
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sustaJ^LTif^^ =" be used to provide a c«.trolled. 
WBtalnl dallv.^ of p^tides. Conventlo^a drugs, „ 
-ell as recoiU,lnant protein dmw, can benefit f,!! 
controlled release device,, ae purpose of thTS^Lf^i: 
rel«se device i. to daiiv., drug, over a Ic^^til! 
Parlod, so that the nusber of doses reouir«J 1^^^ 

"ii'T" ^ p.ti«r:i"ir*2 

compliance. There are a wide varietv . 
technologies that are tot«..d to aLtve'co:::::!!^ 
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releas . 

T6T can be used to obtain contr lied delivery of 
therapeutic peptides. Regulated expression can be obtained 
by using suitable promot rs. including cell-specific 
promoters. Suitable peptides delivered by the present 
invention include, for example, growth hormone, insulin, 
interleukins, interferons, GMCSF, BPO, and the lilce! 
Depending on the specific application, the OKA or an RNA 
construct selected can be designed to result in a gene 
product that is secreted fron the injected cells and into 
the systemic circulation. 

VST can also comprise the controlled delivery of 
therapeutic polypeptides or peptides which is achieved by 
including with the polynucleotide to be expressed in the 
cell, an additional polynucleotide which codes for a 
regulatory protein which controls processes of 
transcription and translation. These polynucleotides 
comprise those which operate either to up regulate or down 
regulate polypeptide expression, and exert their effects 
either within the nucleus or by controlling protein 
translation events in the cytoplasm. 

The T7 polymerase gene can be used in conjunction with 
a gene of interest to obtain longer duration of effect of 
TGT. Episomal DKA sucih as that obtained from the origin of 
replication region for the Epstein Barr virus can be used, 
as well as that from other origins of replication which ar^ 
functionally active in mammalian cells, and preferably 
those that are active in human cells. This is a way to 
obtain expression from cells after many cell divisions, 
without risking unfavorable integration events that are 
common to retrovirus vectors. Controlled release of 
calcitonin could be obtained if a calcitonin gene under the 
control of its own promoter could be functionally 
introduced into some site, such as liver or skin. Cancer 
patients with hypercalcemia would be a group to whom this 
therapy could be applied. 

Other gene therapies using T6T can include the use of 
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a polynucleotide that has a therapeutic effect without 
being translated into a polypeptide, f r example, tgt can 
be used in the delivery f anti-sense polynucleotides for 
turning off the expression of specific genes. Conventional 
anti-sense methodology suffers from poor efficacy, in part 
because the oligonucleotide sequences delivered are too 
short. With TCP, however, full length anti-sense sequences 
can be delivered as easily as short oligomers. Anti-sense 
polynucleotides can be DMA or molecules that themselves 
hybridize to ( «k1, thereby, prevent transcription or 
translation of) an endogenous nucleotide sequence. 
Alternatively, an anti-sense DNA may encode an rha the 
hybridizes to an endogenous sequence, interfering with 
translation. other uses of tgt in this vein include 
delivering a polynucleotide that encodes a tRKA or rRKA to 
replace a defective or deficient endogenous tRNA or rRNA, 
the presence of whioh causes the pathological condition 

cell-specific promoters can also be used to permit 
expression of the gene only in the target cell. Por 
example, certain genes are highly promoted in adults only 
in particular types of tumors. Similarly, tissue-specific 
promoters for specialized tissue, e.g., lens tissue of the 
eye, have also been identified and used in heterologous 
expression systems. 

Beyond the therapies described, the method of the 
Invention can be used to deliver polynucleotides to animal 
stock to increase production of milk in dairy cattle or 
auscle mass in animals that are raised for meat. 
PWA and WT^MA Vage<t,yff 

According to the methods of the imrentlon, both 
expressible DBA and mRHA can be delivered to cells to form 
therein a polypeptide translation product. „ the nucleic 
acids contain the proper control sequences, they will 
direct the synthesis of relatively large amounts of the 
encoded protein. When the DMA and drna delivered to the 
cells codes for an immunizing peptide, the methods can be 
applied to achieve improved and more effective immunity 
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agalnsl: infectious agents, including intracellular viruses, 

and also against turn r c lis. 

Since the iaiaune systems of all vertebrates op rate 

similarly, the applications described can be implemented in 
5 all vertebrate systems, comprising mammalian and avian 

species, as well as fish. 

The methods of the invention may be applied by direct 

injection of the polynucleotide into cells of the animal in 

vivo, or by in vitro transf action of some of the animal 
10 cells MAittx are then re-introduced into the animal body. 

The polynucleotides may be delivered to various cells of 

the animal body, including muscle, skin, brain, lung, 

liver, spleen, or to the. cells of the blood. Delivery of 

the polynucleotides directly in vivo is preferably to the 
15 cells of muscle or skin. oihe polynucleotides may be 

injected into muscle or skin using an injection syringe. 

They may also be delivered into muscle or skin using a 

vaccine gun. 

It has recently been shown that cationic lipids can be 

20 used to facilitate the transfection of cells in certain 
applications, particularly in vitro transfection. 
Cationic lipid based transfection technology is preferred 
over other methods; it is more efficient and convenient 
than calcium phosphate, DEAE dextran or elcctroporation 

25 methods, and retrovirus mediated transfection, as discussed 
previously, can lead to integration events in the host 
cell genams that result in oncogene activation or other 
undesirable consequences. The knowledge that cationic 
lipid technology works with messenger RHA is a further 

30 advantage to this approach because RiDi is turned over 
rapidly by intracellular nucleases and is not integrated 
into the host genome. A transfection system that results 
in hiefh levels of reversible expression is preferred to 
alternative methodology requiring selection and expansion 

35 of stably transformed clones because many of the desired 
primary target cells do not rapidly divide in culture. 

The ability to transfect cells at high efficiency with 
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cationic liposones provides an alt mative aethod for 
innunization. The gene for an antigen is intr duced in to 
cells Which have been reooved from an aniinal. The 
transfected cells, now expressing the antigen, are 
reinjected into the aniaal where the immme system can 
respond to the (now) endogenous antigen. The process can 
possibly be enhanced by coinjection of either an adjuvant 
or lymphoXlnes to further stimulate the lymphoid cells. 

vaccination with nucleic acids containing a gene for 
an antigen may also provide a way to specifically target 
the cellular immune response. cells expressing proteins 
Which are secreted will enter the normal antigen processing 
pathways and produce both a humoral and cytotoxic response 
The response to proteins which are not secreted is more 
selective. Non-secreted proteins synthesized in cells 
expressing only class I MHC molecules are expected to 
produce only a cytotoxic vaccination. Expression of the 
same antigen in cells bearing both class l and class II 
molecules may produce a more vigorous response by 
stimulating both cytotoxic and helper T cells. Enhancement 
of the immune response may also be possible by injecting 
the gene for the antigen along with a peptide fragment of 
the antigen. The antigen is presented via class i MHC 
molecules to the cellular immune system while the peptide 
Is presented via class li MHC molecules to stimulate helper 
T cells. in any case, this method provides a way to 
stimulate and modulate the immune response in a way which 
has not previously been possible. 

A major disadvantage of subunit vaccines is that 
glycoprotein antigens are seldom modified correctly in the 
recoBibinant egression systems used to make the antigens, 
introducing the gene for a glycoprotein antigen will insure 
that the protein product is synthesized, modified and 
processed in the same species and cells that the pathogen 
protein would be. Thus, the expression of a gene for a 
human viral glycoprotein will contain the correct 
coii5>lement of sugar residues. This is important because it 
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has been nstrated that a substantial component of the 
neutralizing antlb dies in some viral systems are directed 
at carbohydrat epitopes. 

Any appr priate antigen which is a candidate for an 
5 immune response, tdietber humoral or cellular, can be used 
In its nucleic acid form. The source of the cells could be 
fibroblasts taken from an Individual which provide a 
convenient source of cells expressing only class i hhc 
molecules. Alternatively, peripheral blood cells can be 
10 rapidly Isolated from whole blood to provide a source of 
cells containing both class 1 and class ii mc proteins 
They could be further fractionated into B cells, helper i 
cells, cytotoxic T cells or macrophage/monocyte cells if 
desired. Bone marrow cells can provide a source of less 
differentiated lyn^ihold cells. in all cases the cell will 
be transfected either with DHA containing a gene for the 
antigen or by the appropriate capped and polyadenylated 
inRHA transcribed from that gene or a circular una 
chemically modified RHA, or an RKA which does not require 
5' capping. The choice of the transfectlng nucleotide may 
depend on the duration of expression desired. For 
vaccination purposes, a reversible expression of the 
Immunogenic peptide, as occurs on mRNA transfection, is 
preferred. Transfected cells are injected into the animal 
and the expressed proteins will be processed and presented 
to the immune system by the normal cellular pathways. 

such an approach has been used to produce ototoxic 
Immunity in model systems in mice. Cell lines, malignant 
continuously growing cells, can be stably transformed with 
W«A. When cells are Injected into animals, they induce 
cellular Immunity to the expressed antigen. The cationic 
lipid delivery system wiU allow this approach to be 
extended to normal, non-malignant cells taken from a 
patient. 

35 There are several applications to this approach of 

targeting cellular immunity. The first is vaccination 
against viruses in which antibodies are known to be 
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required r to enhanced viral inf ction. There ar two 
strategies that can be applied h re. One can specifically 
targt th cellular pathway during imunization thus 
eliminating the enhancing antibodies. Alternatively one 
5 c« vacci^te with the gene for a truncated antigen which 
eliminate the huaoral epitoaes which enhance infectivity 

The use Of ONA or brha vaccine therapy could siaiilrly 
provide a means to provoke an effective cytotoxic T-cell 
respoj«e to weaUy antigenic tumors. We propose, for 

^ ILT " " -tigen were expressed Z 

-R«A inside a cell In an already processed form, a^ 
Incorporated directly into the class I molecules on the 

eUciter^*"*' * ' ''^'^ ^ 

J TT '^PP""*^^" i« this approach provides a 

.ethod to treat latent viral infections. several viruse^ 
(for example. Hepatitis B, HIV and members of the Herpes 
virus group, can establish latent infections in which^ 
I^lJ' Z^^'^"" intracellularly in an inactive or 
parti^aiy active form. There are few ways of treating such 
an infections. However, by inducing a cytolytic immunity 
against a latent viral protein, the latently infected cel2 
will be targeted and eliminated. 

25 t. / T''^ application Of this approach is to the 
25 treatment of chronic pathogen infections. There are 
numerous examples of pathogens which replicate slowly and 
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^read d^ectly from cell'to cell. Zr;:..:^^ Z 
Chronic, in some cases lasting years or decades. Examples 
Of «.ese are the slow viruses (e.g. visna,, the s^Te 
30 .gent and HIV. One can eliminate the inf e;ted ci^ i^ 
inducing « cellular response to proteins of the pathogen. 

. J! f ^' applicable to the 

treatment of malignant disease. Vaccination to mount a 

35 ^] . ^ ""^^^"^ " ^"^^^^ to the 

35 malignant state, be It an activated oncogene, a fetal 

antigen or an activation marker, will result in the 
elimination of these cells. 
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The use f DKVnUNA vaccines could In this way greatly 
enhance the Imminogenicity of certain viral proteins, and 
cancer-sp cifio antigens, that normally elicit a ' poor 
iamune response. The biRMA vaccine technique should be 
5 applicable to the induction of cytotoxic T cell imaunity 
against poorly ianrunogenic viral proteins from the Herpes 
viruses, non-A, non-B hepatitis, and HIV, and it would 
avoid the hazards and difficulties associated with in vitro 
propagation of these viruses. For cell surface antigens 
10 such as viral coat proteins (e.g., HIV gpi20), the antigJi 
would be expressed on the surface of the target cell In the 
context of the najor histocompatibility complex (MHC) 
%*ich would be expected to result in a more appropriate,' 
vigorous and realistic immune response. it is this factor 
15 that results in the more efficacious immune responses 
frequently observed with attenuated virus vaccines. 
Delivery of a single antigen gene by T6T would be much 
safer than attenuated viruses, which can result in a low 
frequency of disease due to inadequate attenuation. 
20 oihere is an additional advantage of TGT which can be 

exploited during the vaccine development phase. One of the 
difficulties with vaccine development is the requirement to 
screen different structural variants of the antigen, for 
the optimal immune response. if the variant is derived 
25 from a recombinant source, the protein usually must be 
expressed and purified before it can be tested for 
antigenicity. This is a laborious and time consuming 
process. with m vitro mutagenesis, it is possible to 
obtain and sequence numerous clones of a given antigen. If 
these antigen can be screened for antigenicity at the UNA 
or RHA level by TCP, the vaccine development program could 
be made to proceed much faster. 

Finally, in the case of the DKVbRNA vaccines, the 
protein antigen is never exposed directly to serum 
antibody, but is always produced by the transfected cells 
themselves following translation of the mRKA. Hence 
anaphylaxis should not be a problem. Thus, the present 
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invention permits the patient to be inaaunized repeatedly 
without th fear f allergic reactions. The use o£ the 
DHViBRHA vaccine of the present invention makes such 
iamunizati n possible. 

One can easily conceive of vays in which this 
technology can be nodified to enhance still further the 
iaaunogenicity of antigens. T cell iaaunization can be 
augmented by increasing the density of class I and class li 
histocompatibility antigens on the macrophage or other cell 
surface an<Vor by inducing the transfected cell to release 
cytokines that promote lyjnphocyyte proliferation. To this 
end, one may incorporate in the same liposomes that contain 
nRHA for the antigen, other mRKA species that encode 
interferons or interleukin-1. These cytokines are known to 
15 enhance macrophage activation. Their systemic use has been 
hampered because of side effects. However, when 
encapsulated in mRNA, along with mRNA for antigen, they 
Should be expressed only by those cells that co-express 
antigen. m this situation, the Induction of T cell 
20 immunity can be enhanced greatly. 
Tfrgrapeut i c Formul 1 ^nfi 

Polynucleotide salts: Administration of pharmaceutically 
acceptable salts of the polynucleotides described herein is 
included within the scope Of the invention. Such salts may 

25 be prepared from pharmaceutically acceptable non-toxic 
bases including organic bases and inorganic bases, salts 
derived from inorganic bases Include sodium, potassium 
lithium, ammonium, calcium, magnesium, and the like, salts 
derived from pharmaceutically acceptable organic non-toxic 

30 bases im:lude salts of primary, secondary, and tertiary 
amines, basic amino acids, and the like. Por a helpful 
discussion of pharmaceutical salts, see S. M. Berge et al 
Journal of Pharmaceutical Sciences 66:1-19 (1977) the 
disclosure of which is hereby incorporated by reference 

35 Polynucleotides for Injection, a preferred route of 

delivery, may be prepared in unit dosage form in ampules 
or in multidose containers. The polynucleotides may bi 
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present in such forms as suspensions, solutions, or 
emulsi ns in ily r preferably aqueous vehicles 
Alternatively, th polynucle tide salt may be in 
lyophilized form for rec nstitution, at the time of 
5 delivery, with a suitable vehicle, such as sterile pyrogen- 
free water. Both liquid as well as lyophilized forms that 
are to be reconstituted will comprise agents, preferably 
buffers, in amounts necessary to suitably adjust the pH of 
the injected solution. For any parenteral use, 
10 particularly if the formulation is to be administered 
intravenously, the total concentration of solutes should be 
controlled to make the preparation isotonic, hypotonic, or 
weakly hypertonic. Nonionic materials, such as sugars, are 
preferred for adjusting tonicity, and sucrose is 
15 particularly preferred. Any of these forms may further 
comprise suitable formulatory agents, such as atarbh or 
sugar, glycerol or saline. Mxe compositions per unit 
dosage, whether liquid or solid, may contain from o.i% to 
99% Of polynucleotide material. 

The units dosage ampules or multldose containers 
in vhich the polynucleotides are packaged prior to use, 
comprise an hermetically sealed container enclosing an 
amount of polynucleotide or solution containing a 
polynucleotide suitable for a pharmaceutically effective 

dose MiAT>An<P 



dose thereof, or multiples of an effective dose. The 
polynucleotide is packaged as a sterile formulation, and 
the hermetically sealed container is designed to preserve 
sterility of the formulation until use. 

The container in ^Lttx the polynucleotide is packaged 
is labeled, and the label bears a notice in the form 
prescribed by a governmental agency, for example the Food 
and Drug Administration, which notice is reflective of 
approval by the agency under Federal law, of the 
manufacture, use, or sale of the polynucleotide material 
35 therein for human administration. 

Federal law requires that the use of pharmaceutical 
agents in the therapy of humans be approved by an agency of 
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tt. Feaer.1 90»erm«„t. Responsibility for enlorcament is 
^ r»p.»ibiUty ,t th Food ^ oru, Adsinistratio^' 
wWch i.s»B approprist rsgui.tlon, for .«:„ri„, .J, 
approval, datails^ m „ „.s.c. ^.^.J^ * 

5 biologic .at.ri.1, co.prl.ln, product. „d. fro« Z 
tis.««i of «,l.,i, i. p^i^ed «i,d.r 42 D.s.c 2«. gi,^ 
Wr.v.1 1, co«»txl.,. 
P-gulstlons vary fr« country to country, but the indivdual 
I>roo«Jures are »eii taoim to those in the art. 

Th. dosage to be adnl«ist«»d depends to a large 
«rt«t on the condition and .!« of the subject be^ 
treated as ,11 a. the fr.,u««y of tr.at.ent and the rout! 

15 L . continuing thera^ 
as including do« and freguenoy Bay be guided by tt. inlt"; 
r.^o,« and clinical Jud,«nt. ^ parenteral rout. « 
ln3.ctlon int. th. interstitial apace of tissue. 11 
preferred, although other p.r«^al r«.t.., .uch 
inhalation of an a«rosol forMulatlon, «y b. regulred in 
« ^ific adnlnlstratl™,, as for exanple to tT ™ 
--br«»s of th. nose, throat, bronchUl ti««s or lung. 

in pr.ferr«J protocol., a fonmaatlon cosprisin, 'the 
polynucleotide in agueous carrier is injected into 
tissue in a«»«s of fro. 10 .1 per .it. to about 1 u p.r 

! Of poly„„ol.otide in th. 

for«latlon i. fro. .bout O.l ^g/m to .bout 20 m/« 

»*°"'**-''m iif TUT 

Just a. m band gM» tr«,.f«: protocol, rendr. 
^PPropriat. .ignal. for tr«.cribi.g (prosotere, enhen^L' 

^ l"^'""^ «»ly<«'«>yl«tlon signal, 

the transcript, «Ba b.«d tgi regulre. th. appreciate 

structural ^ eXe^ for efficient and «rr.^ 

the stability of the transfected nRHA. 

in general, translational efficiency haa been found to 
be regulated by specific sequence elements i„ the 5' non- 
coding or untranslated region (5'DTR) of the rna. Positive 
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sequence « tlfs include the translational initiation 
cons nsus sequence (6CC)AcQMS5S (Kbzek, nucleic Acids 
Bes.l5:8l25 (1987)) and the 5^ 7 .ethyl GpppG cap structur 
(Dru«mond et al., Nucleic Acids Fes. 13:7375 (wss)) 
5 Negative elements include stable intramolecular 5' uro 
ste«-lopp structures (Muesing et al., cell 48:691(1987)) 
and AUG sequences or short open reading frames preceded by 
an appropriate AUG in the 5' utr (xozak, Slffita, Rao et al 
Kbl. and cell. Biol. 8:284(1988)). m addition, certain 
10 sequence motifs such as the beta globin 5' utr may act to 
!f Adjacent to a heterologous 

5 UTR) by an unknown mechanism. There are also examples 
Of specific 5' UTR sequences which regulate euJcaiyotic 
translational efficiency i„ response to environmental 
15 signals. These include the human ferritin 5' UTR (Hentze 

drosophila to^o 5' UTR (Klemenz et al., ehbo Journal 
4.2053 (1985,,. Finally, there are viral 5' Utr sequences 
Which are able to bypass normal cap dependant translation 

20 and translational controls and mediate ann efficient 
translation of viral or chimeric ttRKAs (Dolph et al., j. of 
Virol. 62:2059 (1988)), Pelletier and Sonnenberg, Nature 
334, 320 (1988)). MRHA based TGT protocols must therefore 
include appropriate 5' utr translational elements flanking 

25 the coding sequence for the protein of interest. 

in addition to translational concerns, mRNA stability 
"ust be considered during the development of mPHA based TGT 
protocols. As a general statement, capping and 3' 
pclyadenylation are the major positive determinants of 

30 eukaryotic »«NA stability (Drummond, r^ss, MoI. 

Biol. ifed. 5:1(1988)) and function to protect the 5' and 3' 
ends Of the mRNA from degradation. However, regulatory 
elements ^Ich affect the stability of eukaryotic ^ 

35 r"/'"^ considered in 

35 the development of »r»a tgt protocols. The most notable 
and clearly defined of these are the uridine rich 3' 
untranslated region (3' UTR) destabilizer sequences found 
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in many short half-life aRMAs (Shaw and Kaaen Cell 46:659 
(1986)), although there is evidence that these ar not the 
only sequence motifs which result in bAKA destabilization 
(Kabnick and Housman, Hal. and Cell. Bi 1. 8:3244 (1988)). 
5 In addition, specific regulatory sequences which nodulati 
cellular i»RHA half life In response to environmental 
stimuli have also been demonstrated. These include the 
estrogen mediated modulation of Vitellogenin mRNA stabUity 
(Brock and Shapiro, cell 34:207 (1983)), the iron dependant 
regulation of transferrin receptor mRHA stability (Mullner 
and Kuhn, cell 53:815 (1988)) whicSh is due to a specific 3' 
UTR motif, the prolactin mediated control of Casein mRNA 
stability (Guyette et al., cell 17:1013 (1989)), the 
regulation of Fibronectin mRNA stability in response to a 

number of stimuli (Dean et ai t fm.tt n,t 

^uean ax. , J, Cell. Biol. 106:2159 

(1988)), and the control of Histone mRNA stability (Graves 
at al., cell 48:615 (1987)). Finally, just as viral RNA 
sequences have evolved «xich bypass normal eukaryotic mRNA 
tranalational controls, likewise some viral RNA sequences 
seem to be able to confer stability in the absence of 3. 
polyadenylation (HcGrae and Woodland, Eur. J. of Biochem 
116: 467 (1981)). some 5', sudh as EMC, according t^ 
Example 21, are known to function without a cap. This 
cacophony of stability modulating elements must also be 
carefully considered in developing mRNA based TGT protocols 
and can be used to modulate the effect of an mRNA treatment! 
fciPQSQPe-fonnliicT aater<ii1« 

The science of forming liposomes is now well 
developed. Liposomes are unilamellar or multilamellar 

30 vesicles, having a membrane portion formed of lipophilic 
material and an interior aqueous portion. The aqueous 
portion is used in the present invention to contain the 
polynucleotide material to be delivered to the target cell. 
It is preferred that the liposome forming materials 

35 used herein have a cationlc group, such as a quaternary 
ammonium group, and one or more lipophilic groups, such as 
saturated or unsaturated alkyl groups having from about 6 
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to about 30 carbon atoms. One group of suitabl aaterials 
is described in European Patent Publication Ho. 0187702. 
Thes materials have the formula: 

f 

5 R^CH2-CH-(CH2)n-N+-R* X" 

wherein r1 and r2 are the same or different and are alkyl 
or alkenyl of 6 to 22 carbon atoms, r3, r4, and r5 are the 
same or different and are hydrogen, alkyl of i to » 
carbons, aryl, araUcyl of 7 to ii cart)ons, or when t»o or 
thr«» Of r3, r4, ^ r5 are taken together they form 
quinudidino, piperidino, pyrrolidine, or morpholino; n is 
1 to 8, and X is a pharmaceutically acceptable anion, mxdh 
as a halogen. These compounds may be prepared as detailed 
in the above-identified patent application; alternatively, 
at least one of these compounds, N-(2,3-di-(9-(z)- 
octadecenyloxy) ) -prop-i-yi-H,H,H-trimethylamnonium chloride 
(DOTKA), is commercially available from Bethesda Research 
Laboratories (BRL), Gaithersburg, Maryland 20877, usA. 

These quaternary ammonium diether compounds, however, 
do have some drawbacks. Because of the ether linkages' 
they are not readily metabolized la vivo. When long-term 
therapy is contemplated, there is some possibility that 
these materials could accumulate in tissue, ultimately 
resulting in lipid storage disease and toxic side effects. 
Accordingly, a preferred class of compositions for use i^ 
the present invention has the formula: 

f 

RlC0OCH2-CH-(CH2)n-N+-R* X" 
C0Qr2 ijS 

Wherein r1 and r2 are the same or different and are alkyl 
or alkenyl of 5 to 21 carbon atoms, r3, r4, ^ ^ ^ 
same or different and are hydrogen, alkyl of i to 8 
carbons, aryl, aralkyl of 7 to ii carbons, or when two or 
three of r3, r4, and r5 are taken together they fom 
quinudidino, piperidino, pyrrolidine, or morpholino; n is 
1 to 8, and X is a pharmaceutically acceptable anion, such 
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as a halogen. Xhese compounds may be prepared using 
convent! nal techniques, such as nucleophilic substitution 
involving a carb xylic add and an alJcyl halide, by 
transest rification, or by condensati n f an alcohol with 
5 an acid or an acid halide. 

Moreover, many suitable liposome-forming cationic 
lipid compounds are described in the literature. see, 
e.g., L. Stamatatos, et al.. Biochemistry 27:3917-3925 
(1988); H. Eibl, et al.. Biophysical Chemistzy 10:261-271 
10 (1979). 

Liposome Prepai-^^ jpn 

suitable liposomes for use in the present invention 
are commercially available, dotma liposomes, for example, 
are available under the trademark Lipofectin from Bethesda 

15 Research Labs, Gaithersburg, Maryland. 

Alternatively, liposomes can be prepared from readily- 
available or freshly synthesized starting materials of the 
type previously described. The preparation of dotap 
liposomes is detailed in Example 6. Preparation of Dona 

20 liposomes is explained in the literature, see, e.g., p. 
Feigner, et al., Proc- Hafl Acad. Sci. DBA 84:7413-7417. 
Similar methods can be used to prepare liposomes from other 
cationic lipid materials. Moreover, conventional liposome 
forming materials can be used to prepare liposomes having 

25 negative charge or neutral charge. Such materials include 
phosphatidyl choline, cholesterol, phosphatidyl- 
ethanolamine, and the like. These materials can also 
advantageously be mixed with the DOTAP or DOTOA starting 
materials in ratios from 0% to about 75%. 

30 conventional methods can be used to prepare other, 

noncationic liposomes. These liposomes do not fuse with 
cell walls as readily as cationic liposomes. However, they 
are taken up by macrophages m vivo, and are thus 
particularly effective for delivery of polynucleotide to 

35 these cells. For example, commercially dioleoyl- 
phosphatidyl choline (DOPC), dioleoylphosphatidyl glycerol 
(DOPC), and dioleoylphosphatidyl ethanolamine (DOPE) can be 
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used in vari us combinations t nake c nventional 
liposomes, with or without the addition of cholesterol. 
Thus, for example, DOPC/DOPC vesicles can be prepared by 
drying 50 ng each of DOPG and DOPC under a stream of 
5 nitrogen gas into a sonication vial. The sample is placed 
under a vacuum pump overnight and is hydrated the following 
day with deionized water. The sample is then sonicated for 
2 hours in a capped vial, using a Heat Systems model 350 
sonicator equipped with an inverted cup (bath type) probe 

10 at the maximum setting while the bath is circulated at 
15'C. Alternatively, negatively charged vesicles can be 
prepared without sonication to produce multilamellar 
vesicles or by extrusion through nudeopore membranes to 
produce unilamellar vesicles of discrete size. other 

15 methods are known and available to those of skUl in the 
art. 

The present invention is described below in detail 
using the 23 examples given below; however, the methods 
described are broadly applicable as described herein and 
20 are not intended to be limited by the Examples. 

EXAMPUB 1: PREPARATION OP KCPOSDME-FORMING DOTAP 

The cationic liposome-f orming material 1,2- 
bis(oleoyloxy) -3- (trimethylammonio) propane (DOTAP) is 

25 prepared as reported by L. Stamatatos, et al. (supra) or H. 
Eibl, et al. (siQ>ra). 

Briefly, Stamatatos, et al. report that l mmol of 3- 
bromo-l,2-propanediol (Aldrich) was acylated for 48 hours 
at 20«C with 3 mmol of oleyl chloride (freshly prepared 

30 from oleic acid and oxalpyl cShloride) in dry, alcohol-free 
diethyl ether (20 ml) containing 5 mmol of dry pyridine. 
The precipitate of pyridinium hydrochloride was filtered 
off, and the filtrate was concentrated under nitrogen and 
redissolved in 10 ml of hexane. The hexane soluUon was 

35 washed 3 times with an equal volume of i:i methanol/o.l H 
aqueous NOOONa, pH 3.0, 3 tines with l:i methanol/o.l H 
aqueous NaOB, an dl time with 1% aqueous MaCl. The crude 
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3-bromo-l,2-bis-(oleolyloxy)propane was then stirred for 72 
hours in a sealed tube with a solution of 15* 
triaethylaalne in dry dimethyl sulfoxide (30 nl) at 25 'c 
The products of this reacti n were dissolved in chlorofori 
5 (200 al), which was repeatedly washed with l:i aethanol/ioo 
»M aqueous HCOONa, pH 3.0, and then evaporated i„ vacuo to 
yield a light yellow oil. This material was purified on a 
coluan of silicic acid (Bio-Sil A, Bio-Rad Laboratories) 
eluting with a 0-15% gradient of methanol in chloroform to 
10 give the desired product in pure form at 9-10% methanol. 
The purified product was a colorless, viscous oil that 
-igrates with an Rf of 0.4 on thin layer chromatography 
plates (silica gel G) that were developed with 50:15:5s5:2 
CHCl3/acetone/CH30H/CH3C00H/H20. 



15 



20 



2: REPARATION OF PIASMIDS PGR MAKING DNA 
TEMPLATES FOR ANY GENE OP INTEREST 



for 



suitable template DHA for production of mRHA coding 
- a desired polypeptide may be prepared in accordance 
with standard recombinant DMA methodology. as has been 
previously reported (P. Kreig, et al., MUdelc Acids Res 
12:7057-7070 (1984)), a 5' cap facilitates translation ot 
25 the mRHA. Moreover, the 3' flanking regions and the poly a 
tail are believed to increase the half life of the mRNA in 



Vivo. 



The readily-available SP6 cloning vector pSP64T 
provides 5' and 3' flanking regions from /J-globin, an 

30 efficiently translated mRHA. The construction of this 
Plasmld is detailed by Krelg, et al. (supra), and is hereby 
incorporated by this reference. Any cDNA containing^ 
initiation codon can be Introduced into this plasmld, and 
«RNA can be prepared from the resulting template DKa. This 

35 particular plasmld can be cut with Bglli to Insert any 
desired cDNA coding for a polypeptide of interest. 

Although good results can be obtained with psP64T when 
linearized and then transcribed in vivo with 8P6 rna 
polymerase, we prefer to use the xenopus ^-globin flanking 
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sequences of pSP64T with phage T7 RNA polymerase. These 
flanking sequences are purified from pSP64T as the small 
(appr X. 150 bp) Hindlll to EcoRI fragment. These 
sequences are then inserted into a purified linear 
5 Hindlll/EcoRl fragment (approx. 2.9k bp) from piBl 31 
(commercially avaUable from International Biotechnologies, 
Inc., Nevhaven, Connecticut 06535) with T4 mik ligase. 
Resulting plasmids, designated pXBG, are screened for 
orientation and transformed into E. coll. These plasnids 
are adapted to receive any gene of interest at a unique 
Bglll restriction site, which is situated between the two 
xenopus ^-globin sequences. 
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EXAMPLE 3: PREPARATION OP PLASHID CODING FOR 
CHLORAHPHENICOL ACETYLTRANSFERASE 



A convenient marker gene for demonstrating in vivo 
eaepression of exogenous polynucleotides is chloramphenicol 
acetyltransferase, CAT. A plasmid pSP-CAT containing the 
CAT gene flanked by the xenopus ^-globin 5' and 3' 
sequences was produced by adding the CAT gene into the 
Bglli site of PSP64T. We used CAT gene in the form of the 
25 small BamHI/Hindlll fragment from pSV2-CAT (available from 
the American Type Culture Collection, Rockville, Maryland, 
Accession No. 37155). However, the CAT gene is commonly 
used in molecular biology and is available from numerous 
sources. Both the CAT BamHI/Hindlll fragment and the 
30 Bglll-cleaved pSP64T were incubated with the Klenow 
fragment to generate blunt ends, and were then ligated with 
T4 ONA ligase to form pSP-CAT. 

ThB small Pstl/Hindlll fragment was then generated and 
purified, which comprises the CAT gene between the 5' and 
35 3' ^-globin flanking sequences of psP64T. plBI3l 
(International Biotechnologies, Inc.) was cleaved with PstI 
and Hindlll, and the long linear sequence was purified. 
This fragment was then combined with the CAT-gene 
containing sequence and the fragments were ligated with T4 
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DNA ligase to form a plasnid designated pT7CAT An. clones 
are selected on the basis f /l-galactosidase activity with 
Xgal and an5>icillin resistance. 

EXAMPLE 4: PREPARATIOH OP PURIFIED DKA TEMPLATE 

The plasaid DMA from Example 3 is grow up and 
prepared as per Maniatis (supra), except without RNAse, 
using 2 CsCl spins to remove bacterial RKA. Specifically 
E. con containing pnCAT An from Example 3 was grown up in 
ampicillin-contalning LB medium. The cells were then 
pelleted by spinning at 5000 rpm for 10 min. in a Sorvall 
RC-5 centrifuge (E.I. DuPont, Burbank, California 91510) 
resuspended in cold TE, pH 8.0, centrifuged again for lo 
min. at 5000 rpn., resuspended in a solution of 50 mM 
glucose, 25 mM Trls-d pR e.O, lo mM EDTA, and 40 mg/»l 
lysozyme. After incubation for 5 to lo minutes with 
occasional inversion, 0.2 N NaOH containing 1% SDS was 
added, followed after 10 minutes at o- C with 3 M potassium 
acetate and 2 M acetic acid. After lo more minutes, the 
material was again centrifuged at 6000 rpm, and the 
supernatant was removed with a pipet. The pellet was then 
mixed into 0.6 vol. iaopropanol (-20- C) , mixed, and stored 
at -20- c for 15 minutes. The material was then 
centrifuged again at 10,000 rpm for 20 min., this time in 
an HB4 swinging bucket rotor apparatus (DuPont, supra) 
after which the supernatant was removed and the pellet was 
washed in 70% EtOH and dried at room temperature. Next 
the pellet was resuspended in 3.5 ml TB, followed b^ 
addition of 3.4 g csCl and 350 ^1 of 5 mg/ml BtBr. The 
resulting material was placed In a quick seal tube, fined 
to the top with mineral oil. The tube was spun for 3 5 
hours at 80,000 rpm in a VTlBO centrifuge (Beckman 
instruments, Pasadena, California, 91051). The band was 
removed, and the material was centrifuged again, making «> 
the volume with 0.95 g CsCl/ml and «.i ml or 5 mg/»i 
EtBr/ml in TE. The EtBr was then extracted with an equal 
volume of TE saturated K-Butanol after adding 3 volumes of 
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to th band, discarding the upper phase until the upper 
Phase is Clear. Next, 2.5 vol. EtOH vas added, and L 
-aterial was precipitated at -20 c £ r 2 hours. Th 
resultant DNA precipitate is used as a DMA template for 
5 preparation of vSRSh la vitro. 

BXMfPLB 5: PREPARATIOH OF nRNA FOR TRANSFECTION 
10 m,e DMA from Example 4 was linearized downstream of 

the poly A tail with a 5-fold excess of Pstl. The 
linearized DHA was then purified with two phenol/chloroform 
extractions, followed by two chloroform extractions. dna 
1. Tna"^"" precipitated with NaOAc (0.3 m) and 2 volumes of 
15 EtOH. The pellet was resuspended at about i mg/ml in DEP- 
treated deioniaed water. 

Kext, a transcription buffer was prepared, comprising 
Zmtr " 50 mH Dx;, Z lo Z 

20 !nr. ^' ' »aterials were added in 

20 order to one volume of DEP-treated water at room 

' ^ transcription buffer, prepared 

above, rATP, rCTP, and rOTP to 1 mM concentration; rGTP to 
0.5 mM concentration; 7meG(5')PPP(5')G cap analog (Mew 
England Biolabs, Beverly, Massachusetts, 01951) to 0.5 mH 

25 concentration; the linearized DNA template prepared above 
TisaoLT"^ concentration, RRAsin (Promega, Madison, 
Wisconsin) to 2000 u/ml concentration, and T7 m 
polymerase <H.B. Biolabs) to 4000 U/ml concentration. 

This mixture was incubated for l hour at 37 c. The 

30 successful transcription reaction was Indicated Ty 
increasing cloudiness of the reaction mixture. 

iPm^^"^"^^ generation of the mRMA, 2 U HQl DHAse 
(Promega) per microgram of dna template used was added and 

permitted to digest the template for 15 minutes. Then, 

i.r' "^"""^ "'"^ chloroforB^phenol an^ 

twice with Chloroform. The supernatant was precipitated 
with 0.3 M HaOAc m 2 volumes of EtOH, and the pellet ^a! 
resuspended in loo ,1 DEP-treated deionized water per 500 
Ml transcription product. This solution was passed over an 



wo 90/11092 

PCT/US90/01515 



-53- 



RNAse-free Sephadex G50 c luBn (Boehringer Manrf. i„ #100 

sufficiently p«:e to be used 
in transfecti n f vertebrates m vivo, 

5 

EXAMPUS 6: PREPARATIOK OP LIPOSOMES 

A number of liposcme preparation methods can be used 
10 TjTTr " '"'^'^''^ '^'^'^^ one 

foni^ ' '"'^ "^^^ --^^ - 

rpp. °* " Phosphatidylethanolamine 

(PE) and 10 »g DOTAP (from Example 1) in 1 mi chloroform is 
evaporated to dryness under a stream of nitrogen 

Liposomes are prepared by resuspending the lipids in 
deionized water (2 ml) and sonicating to clarity in I 
Closed Vial. These preparations are stable for at least 6 

20 Polynucleotide complexes were prepared by mixing 0.5 

ml polynucleotide solution (e.g., from Example 5) at 0 4 

a^l'''^''T " ^^'^^ — ta;t 

gentle vortexing to a 0.5 ml solution of sonicated DOTMA/PE 

25 ms procedure results in positively charged complex^ 
^i^ will spontaneously deliver the polynucleotide into 
cells in vivo. Different ratios of positively charged 
liposome to polynucleotide can be used to suites 
particular need in any particular situation 
30 Alte^atively, as reported by Pelgner, et al. (s^"a) i; 
J«y be advantageous to dilute the polynucleotide (dnI or 
RHA) with Hepes buffered saline (150 ml, Kaci, 20 mi, Hepel 
PH 7.4) prior to combining the materials to spontan 1' 
form liposome/polymicleotide con5,lexes. i„ ^ i„st^s^ 
however, the use of solutions having low ionic strength 
(such as sucrose) Instead of saline solution is believed\o 
be preferable; in particular, it is believed that such 
solutions facilitate delivery of polynucleotide to the cell 
by minimizing precipitation of polynucleotide/lipid 
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EXAMPLE 7: IN VIVO EXPRESSION OP LIPOSOMALLY AHD NON- 
LIPOSOMALLY INTRODDCED nRNA IK THE RAT 

The ability of ibbna coding for chloramphenicol acetyl 
transferase (CAT) to transfect cells in vivo and the 
subsequent expression of the CAT protein was demonstrated 
by directly injecting 0.200 ml of each of the formulations 
below, prepared as Indicated, into the abdominal muscle of 
rats, forming a bleb, six replicates of each formulation 
were tested. After 12 to 14 h, the segment of the 
abdominal muscle into which the injection was made, 
weighing approximately o.l to 0.2 grams, was excised,' 
minced, and placed in a 1.5 ml disposable mortar (Kontes, 
Morton Grove, Illinois) together with 200 m1 of the an 
aqueous formulation having the following components: 20 mH 
Trie, pH 7.6; 2 BN MgCla? and 0.1% Triton x-loo surfactant. 
The contents of the mortar were then ground for 1 minute 
with a disposable pestle. The mortar was then covered 
(with Parafilm) and placed in a 1 liter Parr cell disrupter 
bomb (Parr Instrument Company, MOline, Illinois) and 
pressurized to 6 atmospheres with nitrogen at 4'C. After 
30 minutes, the pressure was quickly released to disrupt 
the tissue and produce a crude lysate. The lysate was then 
centrifuged in a microcentrifuge at 13,000 rpm, 4*C, for 10 
alnutes. The supernatant was then decanted and stored at- 
20 *C until analyzed. 

The lysates were then assayed for the presence of the 
CAT protein by thin-layer chromatography. First, 75 ^1 of 
eacb BBmplB (the supernatant prepared above) was incubated 
for two hours at 37-C with 5 ^.l c^* chloraitphenicol 
(Amersham) ; 20 pi 4 inM Acetyl CoAi and 50 pi i m Trie, pa 
7.8. Thereafter, 20 pi of 4 mM Acetyl CoA was added, 'and 
the mixture was again incubated for 2 hours at 37 "c. The 
resulting solution was extracted with l ml EtOAc, aiid the 
organic phase was removed and lyophilized in a vacuum 
centrifuge (SpeedVac, Savant Co.), The pellet was 
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10 



reBuspended in 20 .1 EtO» . w«, i^tea o«: . stlic. 

gex thta layer ehro»togr.pl,y pl.t.. a. ,i.t. v,^ 
d.v^cp.a , r 45 .in*.. ^ chl.rot,rV5% «tS„ a, Z 
drl«i, ™, „. .p,.,^ . r«Jiolu,an.«»«: l„dl«tcr 
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for.ui.tl.n, pr.p.r.d ..cording to Ex..pl. \ J 

"oaPAK in 10. i. i„3.ot.a into th. tail v.i. of 
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Example 7. The HIV specific protein gpl20 is identified in 
the lysate also according t the procedures of Example 7. 

The ability f gpi20 antibody present in serum of the 
nRNA vaccinated mice to protect against ttCV infection is 
5 determined by a HT4-6C plague reduction assay, as follows: 
HT4.6C cells (CD4+ HeLa cells) are obtained from Dr. 
Bruce Chesebro, (Rooky Mountain National Lab, Montana) and 
growi in culture in HPMI media (BRL, Gaithersburg, mD). 
The group of cells is then divided into batches, some of 
the batches are infected with HIV by adding approximately 
105 to io« infectious units of HIV to approximately io7 
HT4-6C cells, other batches are tested for the protective 
effect of gpi20 immune serum against HIV infection by 
adding both the HIV and approximately 50 /.l of serum from a 
15 mouse vaccinated with gpi20 mRNA. After 3 days of 
incubation, the cells of all batches are washed, fixed and 
stained with crystal violet, and the number of plaques 
counted. The protective effect of gpi20 immune serum is 
determined as the reduction in the number of plaques in the 
batches Of cells treated with both gpi20 nRHA-vacoinated 
mouse serum and HIV compared to the number in batches 
treated with HIV alone. 



20 



25 B3CMIFXB 9: mRM A VACC DanOW OP HONAN STEM CBLL-BEMIKC 
SaO MICE WITH KEF mRNA POLLOHED BY HIV <wSSS 

Severe combined immunodeficient mice (SCID mice 
(Molecular Biology Institute, (mbi). La Jolla, CA 92037)) 
30 were reconstituted with adult human peripheral blood 
lymphocytes by injection into the peritoneal cavity 
according to the method of Moaier (Hosier et al., Haturo 
335:256 (1988)). Intraperitoneal Injection of 400 to 4000 
infections units of HlV-1 was then performed. me mice 
were maintained in a P3 level animal containment facility 
in sealed glove boxes. 

MRNA coding for the nef protein if HIV was prepared by 
obtaining the nef gene in the form of a plasmid (pGM92, 
from the HIAID, RocJcville, MD 20852); removing the nef 
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IZJT. i» p»» 

plM.id for tr«,ctlptioB, »d purifying t». trM„cri»«.- 

incorporate, l„to . f r.ul.tl « .o^rdl^ 

r!r^?r'°" «g/rt »IF ««, 500 u,/rt 

1.1 DOIAPiDOP, (1„ TOA/Upo«« co-plMc foi.) «r. 
perfor«d a.iiy ,„ 

«.l-a. «« iix„i„ i„je=t«, vith l«vilposo« co»pl^ 
DOX»/«P. alpo.c«.. At 2. 4 B poet J^^i 

»^ «4 prepToa for l«u„ohl.tooh»l.tr,. »t tT..™ 
tU. potaf, blood e,»pl« v.r. obftaM „„„^ .„ 

15 ^ i„^. by «.« Of „ BLisA ,at (Abbott L.b., 

ID «rf virua ttt«r by th. pl.^, „„y „t Ex«pi. I 

B«m f ro. . mv intMfa patient. Positive cells »ar. 
TT. « l«e=t«. cell, per hl^ 

«^ (400X, «r. deter-lne*. Cata, these aasaya, at 1^^ 
. fold reduction In tbe nuaber of positive .ZiL^ 
-«*aerv«, at e «ete, and titer and p,4 expresaL 
r«Jac.d by at le«,t 50». Together, theae r«™it. Indicate 
. . »d^t. antl-viral effect of tb. (i„ tr«.tj^ 

,ITT " *^ 'o™l.«o«, containing 200 

M/IU of a., ma, 500 1,1 DOi„,BOPE In m 

•»<=«»• la Injected Into tbe tall vein o* t 
ceu-contalnln, .=10 alee , tln^ o» 

effective doa. of HIV vlras. sample, of blood ar. 
periodically wltbdr.™ fro. tbe taU vein and aonltn^ J" 
production of tbe cbaracterl«:lc Blv protein p2« bv » 
EUSA kit aaaay (Abbott Laba, Chlcgo, IL). 
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HCAKFU 10: A METHOD OP fSOVIDIHG ADEHOSIHB DEMUNASB 
TO KECB BY Iff VIVO SRHA ZRANSFECTIOH 

The full-length seijuence for th cDNA of the human 
aden sine deaalnas (ADA) gene is obtain d froB the l,300 
bp BcoRl-Accl fragment of clone ADA 211 (Adrian, G. et al. 
Mbl. CeU Biol. 4:1712 (1984). It is blunt-ended, ligated 
to Bglll linkers and then digested with Bglli. The 
laodified fragment is inserted into the Bglll site of pXBG. 
ADA mRKA is transcribed and purified according to Example^ 
2 through 5, and purified ADA mRNA is incorporated into a 
formulation according to Example 6. Balb 3T3 mica are 
injected directly in the tail vein with 200 ul of this 
formulation, containing 200 pg/ml of ADA mRKA, and 
500 /tg/ml DOTAP in 10% sucrose. 

The presence of human ADA in the tissues of the liver, 
skin, and muscle of the mice is confirmed by an isoelectric 
focusing (lEF) procedure. Tissue extracts were 
electrofooused between pH 4 and 5 on a non-denaturing gel. 
The gel was then stained for in situ ADA activity as 
reported by Valeric, D. et al. Gena 31:137-143 (1984). 

A preliminary separation of human and non-human ADA is 
carried out by fast protein liquid chromatography (FPLC) . 
The proteins are fractionated on a Pharmacia (Piscataway] 
NJ) MonoQ column (HR5/5) with a linear gradient from 0.05 
to 0.5 M KCl, 20 mM Trie (pB 7.5). Activity for ADA within 
the fractions is measured by reacting the fractions with 
C-adenosine (Amersham, Chicago, IL) whidh is converted to 
inosine. Thin layer chromatography (o.l m HaPi pH 6.8 
saturated ammonium Bulfate:n-propylalc6hol/i00!60:2) is 
used to separate the radioactive Inosine from the substrate 
adenosine. 



EXAMPIB 11: IN VIVO EXPRESSION OP PORE RKA AND DBA 
INJECTED DIRECTLY INTO TBE MUSCLES OP MICE 

The quadriceps muscles of mice were injected with 
either 100 Mgrams of pRSVCAT DNA plasmid or 100 pgrams of 
^gCAT^gAn W» and the muscle tissue at the injection site 
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later test d f r CAT activity. 

Pive to six we k old female and male Balb/c mice were 
anesthetized by intraperiton al injection with 0.3 ml f 
2.5% Av rtin. A 1.5 cm incision was mad on the anteri r 
thigh, and the quadriceps muscle was directly visualized 
The DNA and m were injected in 0.1 ml of solution in a 
icc syringe through a 27 gauge needle over one minute, 
approximately 0.5 cm from the distal insertion site of the 
Buscle into the knee and about 0.2 cm deep, a suture was 
Placed over the injection site for future localization, and 
the skin was then closed with stainless steel clips 

3T3 mouse fibroblasts were also transfected in vitro 
with 20 Of DNA or KNA complexed with 60 ug of 

Lipofectin^ (BRL) in 3 ml of opti-Mem- (Gibco), under 
optxmal conditions described for these cells (Malone, r. et 
^' P^g' HatMr ftgfl^at fffft i TTfi fl 86:6077-6081(1989). The 
same fibroblasts were .1.0 transfected using calcium 
Phosphate according to the procedure described in Ausubel 
et al.(Eds) CBrrmt Prol-oroi. ir. w^^T -nnln r r minr y John 
Wiley and Sons, Mew York (1989) . 

The pRSVCAT DMA plasmid and /»gCAT^gA„ BSA were 
prepared as described in the preceding examples. The rna 
consisted of the chloramphenicol acetyl transferase (CAT) 
coding sequences flanked by 5' and 3' ^-giobin untranslated 
sequences and a 3» poly-A tract. 

Muscle extracts were prepared by excising the entire 
quadriceps, mincing the muscle into a 1.5 ml microtube 
containing 200 pi of a lysis solution (20 mM Tris pB 7 4 
2 >N Mgci2 and 0.1% Triton X) , and grinding the muide witi 
a plastic pestle (itontes) for one minute. m order to 
ensure complete disruption of the muscle cells, the muscle 
tissue was then placed under 600 psi of N2 1„ a bomb (Parr) 
at 4-C for 15 Bin before releasing the pressure. 

Plbroblasts were processed similarly after they were 
trypsinized off the plates, taken up into media with serum 

into 200 pi of lysis solution. 75 ,1 of the muscle and 
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flbroblast extracts were assay d for CAT activity by 
incubating the reaction adactures f r 2 hours with C^*- 
chl raaphenic 1, f Howed by extraction and thin-layer 
eauronatography, all as described in Exaaple 7. 

Figure 1 comprises autoradiograms from two separate 
experiments showing CAT activity within extracts of the 
injected quadriceps muscles. Lane numbers appear at the 
top of the autoradiograms and the % chloramphenicol 
conversions are at the bottom. sample locations are as 
follows: 

Lanes l and 13: Control fibroblasts 
Lanes 2 and 14: Muscle injected only with 5% sucrose 
Lanes 3 and 15: 0.005 units of non-injected, pSfied C&T 
standard 

lanes 4 and 16: o.05 units of purified CAT (Sigma) 
Lanes 11, 12, 

and 17 to 20: l^ele injected with lOO pgrams pRSVCAT 
DMA in 5% sucrose p«avwAi 

Lanes 9 and 10: 20 /.grams of /JgCAT^gA„ sua, lipofected, 
with 60 iigrams of DOTMA, into a 70% 

Lanes 21 99. fon^^^ent 60 mm plate of 3T3 cells ( io«) 

Lanes 21, 22: 20 itgrams of pRSVCAT lipofected, with 60 

il? f ^^^^J ^ confluent 60 mm 

plate of 3T3 cells 

JSoleSk^iAto '° ''''^''^^ Phosphate 

a 50% confluent 60 mm plate of 3T3 cells. 
CAT activity was readily detected in all four kka 
Injection sites 18 hours after injection and in all six DMA 
Injection sites 48 hours after injection. Extracts from 
two of the four BNA injection sites (Figure 1, lanes 6 and 
8) and from two of the six DKA injection sites (Figure 1, 
lanes 11 and 20) contained levels of cat activlt^ 
comparable to the levels of cat activity obtained from 
fibroblasts transiently transfected m vitro under optimal 
conditions (Figure l, lanes 9, 10, 21-24). The average 
total amount of CAT activity expressed in muscle was 960 pg 
for the BRA Injections and lie pg for the DNA injections. 
The variability in CAT activity recovered from different 
muscle sites probably represents variability inherent in 
the injection and extraction technique, since significant 
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variability vas obs rved when pur CAT pr tein r pRSVCAT- 
transfccted fibroblasts were injected int th muscle sites 
and iamedlately excis d £ r aeasureinent of CAT activity 
car activity was also recov red froa abdominal muscl* 
injected with the RHA or DNA CAT vectors, indicating that 
other muscle groups can take up and express 
polynucleotides. 



EXAMPLE 12: SITE OP IM VIVO EXPRESSION OP PORE DNA 

INJECTED DIRECTLY INTO THE MUSCLES OF MICE 

The site of gene expression in injected muscle vas 
determined by utilizing the pRSVLac-Z DNA vector (P. Norton 
and J. coffin Molee. e^n . 5:281-290 (1985)) 

expressing the e. coll /J-galactosidase gene for injection 
and observing the la situ cytochemical staining of muscle 
cells for E, coll B-galactosidase activity. The quadriceps 
muscle of nice vas exposed as described in the previous 
example. Quadriceps muscles were injected once with lOO nq 
Of KRSVLAC-2 DNA in 20% sucrose. Seven days later the 
individual quadriceps muscles vere removed in their 
entirety and every fifth 15 pm cross-section was 
histocheaically stained for p-galactosldase activity. 

The muscle biopsy vas frozen in liquid Nj-cooled 
isopentane. is pm serial sections were sliced using a 
cryostat and placed immediately on gelatinized slides. The 
slide were fixed in 1.5% glutaraldehyde in pbs for lo 
minutes and stained 4 hours for ^-galactosidase activity 
(J. Price et al. Pwc, Hatn Arad. 84:156-160 
(1987) . The muscle was counterstalned with eosin. 

The photographed sections (Pigure 2) are as follows: 
(A) : Cross-section of control muscle iniected wii-h . 
solution containing only 20% sucrose, iSx mSSSSiLtW 

?«5cSively. ^^'^^ Bagnification, 

40 ^SiLicJ?"!6S?^*' ^^i^^^ with 
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10 



20 



SitS SlptAt^' cross-sections f the sa.e .uscle 

J^proxiaately 60 muscI cells f the approximately 
4000 cells (1.5%) that coBs^rise the entire quadriceps and 
approxifflately 10-30% of the cells within the injection area 
were stained blue (Figures 2B, C, and D) . control muscle 
injected with only a 20% sucrose solution did not show any 
background staining (Figure 2A) . Positive /J-galactosidase 
staining within some individual auscle cells was at least 
1.2 ma deep on serial cross-sections (Figures 2F. g, and 
H), Which say be the result of either transfection into 
iwltiple nuclei or the ability of cytoplasmic proteins 
expressed from one nucleus to be distributed widely within 
15 the muscle cell. Longitudinal sectioning also revealed fi- 
galactosidase staining within muscle cells for at least 
400m» (Figure 2E). in cells adjacent to intensely blue 
cells, fainter blue staining often appeared in their 
bordering areas. This most likely represents an artifact 
of the histochemical ^-galactosidase stain in rtiich the 
reacted X-gal product diffuses before precipitating. 
Similar results are obtained with linear DMA. 

EXAMPLE 13: DOSE-RESPONSE EFFECTS OF RNA AND DNA 
INJECTED INTO MDSCLES OF MICE 

Experiments with the firefly luciferase reporter gene 
(UJC) explored the effect of parameters of dose level and 
time on the total luciferase extracted from injected 
30 muscle. 

The RKA and DMA vectors were prepared, and the 
quadriceps muscles of mice Injected as previously 
described. Muscle extracts of the entire quadriceps were 
prepared as described in Example ii, except that the lysis 
buffer was lOOidl KPi pH 7.8, 1 mM DTT, and 0.1% Triton X. 
87.5 lil of the 200 ^1 extract was analyzed for luciferase 
activity (J. de Wet et al. Molec. ^^^^ , 7,725- 

737(1987)) using an ua 1251 luminometer. Light units were 
converted to picograms (pg) of luciferase using a standard 
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curve established by measuring the light units produced by 
purified firefly luciferase (Analytical Luminescence 
Lab rat ry) within control muscle extract. The RHa and DNA 
preparations pri r to injection did not contain any 
5 contaminating luciferase activity, control muscle Injected 
with 20% sucrose had no detectable luciferase activity 
All the above experiments vere done two to three times and 
specifically, the WA time points greater than 40 days were 
done three tines. 

10 mie Figures 3 A to 3 c illustrate the results of the 
following: 

iiilJi"^^^^^^^ activity measured 18 hours followina the 
injection of varying amounts of floUicfl«a j ' r?? 

sucrose and 4 dava%oiio^^ *.t^t'^f,^ ^ 20% 

15 amounts o?^|r^ i^^of siSiS **** ^"^ection of varying 

86S 6077-6081 (1989); and after xmugft Ua^ a ^^' Li.''? 
20% sucrose were injected into guadrlLps.'^'^ 

?SkS^^tr"iije%^S^?Jtr::SS^^^^^^^^ 
A. Level of Cfme Rvp^p.,f^^ 

A dose-response effect was observed when quadriceps 
muscles were injected with various amounts of /»gLuc/5gA„ RNA 
30 or DNA pRSVL constructs (Figure 3A) . The injection of ten 
times more DKA resulted in lucif«:ase activity increasing 
approximately ten-fold from 33 pg luciferase following the 

in r."Lr' " "° ^ luciferase following 

the injection of loo pg of dha. The injection of ten times 

35 more RHA also yield«l approximately ten times more 
luciferase. a million 3T3 mouse fibroblasts in a 60 mm 
dish were lipofected with 20 ^g of im or RMA complexed 
with 60 pg Of Lipofectln - (Bethesda Research Labs) in 3 ml 
Of Opti-MEH- (Gibco). Two days later, the cells were 

40 assayed for luciferase activity and the results from four 
separate plates were averaged. Twenty pg of pRSVL DNA 
transfected into fibroblasts yielded a total of 120 pg of 
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lucif rase (6 pg lucif erase/;. g dra) , while 25 inject d 
int muscle yielded an average f lie pg of lucif erase (4 6 
pg luciferase^g DN*; pig„re 3A) . Th expressi n from tie 
RKA vect rs was apprcMcinately seven-fold more efficient in 
5 transfected fibroblasts than in injected muscles. Twenty 
Mg of figuicfigAn RNA transfected into fibroblasts yielded a 
total Of 450 pg of luciferase, lAUe 25 ;.g injected into 
imisde yielded 74 pg of luciferase (Figures 3A and 3B} . 
Based on the amount of dna delivered, the efficiency of 
10 expression from the dna vectors was similar in both 
transfected fibroblasts and injected muscles. 
Bi Tlge CoiirBe of Evpy^poj^y, 

The time course was also investigated (Figures 3B and 

15 afL ""^^ ^^^^^ 

15 after 25 ^g of /»gl«c/jgA„ bra or 100 pg of pRSVL DNA were 

injected. Following rka injection, the average luciferase 

activity reached a maximum of 74 pg at 18 hours, and then 

quickly decreased to 2 pg at 60 hours. i„ transfected 

fibroblasts, the luciferase activity was maximal at 8 

20 hours. Following DRA injection into muscle, substantial 
amounts of luciferase were present for at least 60 days. 

ThB data in Figure 3B suggest that luciferase protein 
and the m vitro RRA transcript have a half-life of less 
than 24 hours in muscle. Therefore, the persistence of 

25 luciferase activity for 60 days is not likely to be due to 
the stability of luciferase protein or the stability of the 
In vivo RNA transcript. 



30 ^OkJ^^DeSS'SsMbiS^SSs'^'^^ 
Preparations of muscle DHA were obtained from control 
uninjected quadriceps or from quadriceps, 30 days afte^ 
injection with 100 pg of pRSVL in 20% sucrose. Two entire 

35 quadriceps muscles from the same animal were pooled, minced 
into liquid N2 and ground with a mortar and pestle. Total 
cellular UNA and KRP supematants vere prepared (f M 
Ausubel et al. (Bds) gurr^nt Prol-nrm. m.,.^o,^ r^..^^ 
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J hn Wiley, New Y rk (1987). Fifteen of the total 
cellular DNA or lO .1 out f the loo .1 of HIST supernatant 
were digested, run on a i.o% agar s gel, transferred to 
Hytran- (Schleicher ««i schu 11, kw York), using a 
vacublot apparatus (ncB) and hybridized with »ultlprl»ed 
2p-iuciferase probe (the HlndIII-Ba»Hi fragment of pRsvL, . 
Following hybridization overnight, the final wash of the 
membrane was with 0.2X SSC containing o.5% SDS at 68-c 
Kbdak XM15 fll» was exposed to the neabrane for 45 hours at 



l^lt iti^rTas^^oYf^T"" * ^--^ a 

SIS I: i'il °£ undigested pRSVL plasaid 

Ba«Hl digested p^ 

SS^Je"'^"^ °' ^ supernatant from control 

SSUtnU'e -"^1^ 
Lanes 6,7: BaaHl digest of HIRT supernatant from two 

Lanes 8 9,"^x^V*'°i* Injecter^scU? ^ 

iMtBs 8,9: BMBHi digest of cellular DNA from two dlff«r.«»*. 
T-«<. ,A injected muscle different 

SS'SSI ^« ^) digested With Ba»Hl 

SS^Sd^^l^^'"^ ^ <^^-ted with 

(Size markers (A/Hlndlll) are%hoS it to?J2t) . 

southern blot analysis of muscle DNA indicates that 
the foreign pRSVL DNA is present within the muscle tissue 
for at least 30 days (Pigure 4, lanes 6-9) and is similar 
to the levels of DNA present in muscle two and is days 
following injection. in muscle DNA digested with Ba.^1 
(Which cuts ^ one, Figure 4, lanes 6-9,, the presence 
Of a 5.6 kb band that corresponds to linearized pRsVL 
(Figure 4, lane 2) suggest that the DNA Is present either 
in a circular, extrachronosoaal form or in large tandem 
repeats of the plasmld Integrated into chromosome. i„ 
auscle DNA digested with Bglll (which does not cut pRsvL) 
the presence of a band smaller than 10 kb (Figure 4, lanes 
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12 ^ 13, .nd at the sai»« size as the open, circular form 
f th plasBld pRSVL (Figure 4, lane 1, implies that the 
DHA Is preaent extrachrcmosoaally in an open, circular 
ilZJ^. "f^""' f the pRsVL im in HlRT supematants 

ZlTJ' T ^ '^^^'^^ '-^---^ 

aarpicillin-resistant following tranafonnation with HlRT 
supematants also suggest that the DMA is present 
unintegrated. Although the majority of the exogenous dna 
to be extrachroaosoaai, low levels of chromosomal 
Integration cannot be definitively excluded. Overexposure 

TJ^ V* hybridizing 

larger tt«n the lo H, that would represent plasmid DKA 
integrated at random sites. The sensitivity of the pRSVL 
DKA is muscle to DPNl digestion (Figure 4, lane lo, axTits 
resistance to Mboi digestion (Figure 4, lane li), suggests 
that the DNA has not replicated within the muscle cells. 

™™ SlSSy^SS^S?' ^ IMPLANTED 

DIRECTLY INTO THE MUSCLE OP MICE 

PRSVl ma W.S preolpliatea In .HimoI «», dried, ih. 
^il"" Picked up With ti^ ,orcp. a™, a^lt«, 1^ 
^lou- .u,cl. ^ „ described 1, the precedi.^, 
•»^le«. Mv. d.ys Uter the ^scle was imalyzed tol 
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The DKA luciferase vector (pRSVL), co»plexed with 
Lip fectin-, vas injected intratracheally into rats either 
In 20% sucrose (2 rats) r in 5% sucrose (6 rats). tv 
days f llowing the inj cti n, the rat lungs were divided 
into 7 sections: ujl, LLL, rdl/ IWL, RLL, al, (defined as 
follows) and Trachea. The rat lung differs from that of 
the human in having one large left lung off the left main 
bronchus. The left lung for this study was cut in half 
Into a left upper part (kjl) and left lower part (LLL) . 
a- right lung contains 4 lobes: ri^t cranial lobe (KUL), 
right middle lobe (rml), right lower lobe ((rll), and an 
accessory lobe (AL). Extracts were prepared by mincing 
these lung parts into separate 1.5 ml microtubes containing 
200 Ml Of a lysis solution (20 mM Tris, pH 7.4, 2 mM Mgci! 
and 0.1% Triton X), and grinding the lung with a plastic 
pestle. (Kontes) for one minute. m order to ensure 
c«^lete disruption of the lung cells, the lung tissue was 
then placed under 600 psi of Hj in a Parr bomb at 4-c for 
15 minutes before releasing the pressure. Luciferase 
assays were done on 87.5 ^1 of lung extract out of a total 
volume of about 350 /il. 



Injection 



RDL RLL UJL ML LLL AL Trachea 



, 22.4 21.9 21.3 20.1 

II 21.5 21.8 21.6 21 i 

25 /.g DNA alone 21.7 21.4 21.3 - II I 

250 ng MIA alone 21.7 23.2 21.9 28 5 tl't 

250 Mg DHA alone 22.9 22.5 mJ 23 O li't 

25 Aig DNA/CL 20.8 22.2 19.6 22 3 t>l 

JSpgDMVCa. 22.9 22.0 22 I 21.*? ll'l 

25 Mg DHVCL 22.2 23.8 22.1 23 9 ll'l 

25 ;.g DHA/CL 20.9 20.9 20 9 20 6 ll'l 

JS^gUNVCL 19.8 20.b iS J ll'.t ll'l 

'^"hSS^^ »•« "-^ " J 

jssi''** ^fs'"'-' •'^•^ 

containing only wati yi^ote ga^s i!^!,*^°P^"9^«- ««»Pl« 



19.8 




21.2 




21.5 




22.0 


21.3 


24.3 


21.5 


20.8 


20.7 


22.0 






22.18 




21.6 




19.3 


20.3 


20.1 


19.9 


19.8 


89.6 


178.9 
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25 ;»g DNA alon : repres nt separate animals that; ■^•r.a4«.-^ 
intratrach al Inj ctions f 2^ of p^| S'lf^S'lS 

25 DKA/CL: represent separate aniaals that received 

luc Pre»teln lO* l.u.: represents an anlaal that received 

The ludferase activity in the 25 ng dna alone and the 
25 „q DKVCL groups of animls were not greater than that 

20 in the nock animal, however, in the 250 aa ^^ ^ j ^^ 
animals, three lung sections shoved small but reliably 
elevated l.u. activity above control lung or blanks (Bold, 
underlined) . Duplicate assays on the same extract 
confirmed the result. Experience with the ict 1251 

25 luminometer indicates that these values, although just 
above background, indicate real luciferase activity. 

ElCftMPtB 17: lUClFERASB ACTIVITY IN MOUSE LIVER 
3Q DIRECTLY INJECTED WITH DNA TORMDIATIONS 

The DHA luciferase expression vector pPCKLuc was 
injected intrahepatically (IH) into the lower part of the 
left liver lobe In mice. The pPGKLuc DMA was either 
injected by itself (450 Mg DHA in 1.0 ml 20% sucrose) or 

35 complexed with Llpofectin- (50 /.g DKA + 150 pg Lipofectin* 
in 1.0 ml 5% sucrose). Three days following injection, the 
left liver lobe was divided into two sections (a lower part 
where the lobe was Injected and an upper part of the lobe 
distant from the Injection site) and assayed for luciferase 

40 activity as described in the preceding examples. 
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Upper 

Blank (20.2 UJ) 

contr 1: 20% Sucrose Only 20.8 9t o 

SO pg pPGKUic + Lipofectin 25*1 J?*? 

50 pPGKUic + Lipofectin S3 t^'i 

in f!/' PPSKlAic + Upofectin 22?l 11'* 

10 450 pPGKLuc 43^7 ll'l 

450 ^g pPGKLuc Tfttg S*? 

«0MgpPGKi«c fftf IJ-J 

TWO of the three animals that received the pure 
pPGKUic injections and tiro of the three aniaals that 
received pPGKLuc + Lipofectin- injections had luciferase 
activity significantly above background (bold, underlined) 
The lower part of the liver lobe, which was directly 
injected, had larger amounts of luciferase activity than 
the upper part, which was distant from the injection site. 
Similar results have been obtained using pRsvCAT OHA 
expression vector and cat assays. Luciferase activity was 
not detected three says after similar preparations of 
PPGKLUC (+ and - Lipofectin-) were injected into the portal 
25 circulation of rats. 

EXAMPtB 18: EXPRESSION OP GROWTH HORMONE GEME 
30 INJECTED INTO LIVER AND MDSCLE 

Mice were injected with the pX6H5 (metalothionien 
promoter-growth hormone fusion gene) ( selden Richard et 
el., Mfttgp, Cell Biol . 6:3173-3179 (1986)) in both liver 
and muscle. The mice were placed on 76 »h zino sulfate 

35 water. I»ter the animals were bled and the serum analyzed 
for growth hormone using the Nichols 6B Kit. 
A. TWO mice were injected with 20 ^g' of pXGHS gene 



coaplexed with 60 pg/ml of Upofectin in 5% sucrose, one 
■1 Of this solution was injected into the liver and the 
ventral and dorsal abdominal muscles were injected with 0 l 
■I in 7 site, two times. Two days later, the animals we^ 
bled. The serum of one animal remained at background 
level. While that of the other contained 0.75 ng/ ml growth 
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hormon . 

B. Three mice vere inj cted with o.i al of i Bg/«i of 
PXGH5 In 5% sucrose, 2x in the guadric ps, ix in the 
hamstring muscle, ix in pectoralis muscle, and ix in 
5 trapezoid muscles on two separate days. The results were 
as follows: 



^inal No. Growth Hormone (ng/ml) ; D ay l Day 2 

i 0-6 0.6 

I 0.8 1.0 

Background: 0.5 ng/ml ***'^ 

15 



20 



25 



30 



35 



40 



EXMIPLB 19: AMTIBODY PRODUCTION IN MICE DIRECTLY INJECTED 
WITH A GENE FOR AN IMMUNIZiSg KPTIM 
Mice were injected with a quantity of 20 pg of a 
plasmid construct consisting of the gp-120 gene, driven by 
a cytomegalovirus (CHV) promoter. The DMA was injected 
into the quadriceps muscle of mice according to the methods 
described in Exa»5»le II. Mouse 5 (Figure 5A) was injected 
in the quadriceps muscle with 20 pg of plasmid DNA in 
isotonic sucrose. Mouse 2 (Figure 5B) was injected with 
sucrose solution alone. Blood samples were obtained prior 
to the injection (Day O) at the times indicated on Figure 
5, up to more than 40 days post injection. The serum from 
each sample was serially diluted and assayed in a standard 
BLISA technique assay for the detection of antibody, using 
recosbinant gp-i20 protein made in yeast as the antigen. 
Both igc and igM antibodies were detected as indicated in 
Figure 5. The study indicates that the gene retains its 
signal sequence, and the protein is efficiently excreted 
from cells. 

EXAMPM 20: ANTlBOWf PROKJCTION IN MICE INJECTED WITH 
CELTS TRANSFECTED WITH A GENE TORAH 
nOTONIZING PEPTIDE " *v« am 

ThB cell line BALB/C C1.7 (TIB 80) was obtained from 
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the toerican Type Tissue Culture Collect! n. These cells 
were transfected with the gp-i20 gene construct described 
in Example 19. To 0.75 ml OptiMEM- (Gibco. inc.) were 
add d 6.1 pg Of DNA. The quantity f 30 f cati nic 
5 liposomes (containing doima and cholesterol in a 70-30 
aolar ratio) were added to another 0.75 al QptiMEM-. ihe 
mixtures were combined and 1.5 ml of QptiMEM- containing 
20% (v/v) fetal bovine calf serum vas added. This solution 
was poured into a 60 mm plastic petri dish containing 80% 

10 confluent cells (approxUnately one million total cells per 
plate). At 3.2 hours after lipofection, the cells were 
detached from the plate with trypsin and edta treatment 
washed with OptiMErf- and resuspended in O.l ml OptiMEM- 
with 10% fetal calf serum. These cells were injected (IP) 

15 into mice. Mouse 12 (Figure 6A) was injected with the 
transfected cells. House ii (Figure 6A) received an 
identical number of untransfected cells. Blood samples 
were obtained prior to the injection (Day o) and at the 
times indicated in Figure 6. The serum samples were 

20 processed as in the preceding example. Both Ig6 and igM 
antibodies were detected as indicated in Figure 6. 

25 SStX^h'of"^ ^s^^rXKO^'cESi^Tx^^^ ^^^^ 
TWO different DNA templates were constructed, both of 
Which code for the synthesis of rka that express the b 
eoll^^-galactosidase reported gene. A Lac-Z gene that 
30 contains the KOzak consensus sequence was inserted in place 
Of the luciferase coding sequencwi of the p/»CLuo/»GA„ 
template to generate the p/J6LacZ/JGA„ template 



35 



'"—Ti wtsju^jxcxuc, Tne 

pEMCLacZ/lGAn template was made by replacing the 5' /J-globln 
untranslated sequences of p/»6LacZ/»GA„ with the 588 bp 
EcoRl/Ncol fragment from the encephalomyocarditis virus 
(EMCV) (PE5LVP0 in FarJcs, C. et al., i^JOralflfflC 60:376-384 
(1986). These EMC 5' untranslated sequences had previously 
been shoWh to be Able to initiate efficient translation Xh 
vitro In reticulocytes lysates. Ne demonstrated that these 
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seguences can also direct fficient translation when 
transfected into fibroblasts in culture. The percentage of 
blue cells was slightly greater in cells transfected with 
the uncapped EMCLacZ^GAn RNA than in cells transfected with 
5 the capped pEMCLaoZ^CA„ RNA. Transfection with either 
uncapped or capped pEMCLacZ^GAn RHA yielded a greater 
nunber of positive ^-galactosidase cells than transfection 
with capped /JGLacZ^GAn SNA. It has recently been shown 
that this EMC 5' untranslated sequence, as a component of 
vaccinia-T7 polynerase vectors, can increase translation of 
an uncapped ORHA 4 to 7-fold (Elroy-Stein, o. et al., Proe. 
Wfttl, A9afl« ggl . VPh 86:6126-6130 (1989). These EMC 
sequences thus have the ability to direct efficient 
translation from uncapped messengers. 



10 



15 



20 



^^^22: T7 POLMIERASE TRANSCRIPTION IN TRANSFECTED CELL 



An SV40-T7 polymerase plasmid containing T7 polymerase 
protein e3q>re88ed off the SV40 promotor (Dunn, j. et al., 
SSDA 68: 259 (1988)) was co-lipof acted with the 
pEMCLacZ^GAn ten^Hate DNA into 3T3 fibroblasts in culture 
to demonstrate that T7 polymerase transcription can occur 
25 via plasmids. Two different SV40-T7 polymerase expression 
vectors were . used: 

(a) pSV-Gi-A: PAR3126-SV40 promoter driving expression of 
T7 polymerase protein which is directed to tiie c^teplara. 

30 (b) psVND-61-A: PAR3132-SV40 promoter driving expression of 
T7 polymerase protein which is directed to the «^oplasm. 
Each of these two plasmids were co-lipofected with 
pBMCLacZ^GAn at 1:3 and 3:1 ratios into a 60 mm plates of 
3T3 cells. The number of blue ^-galactosidase cells were 

35 counted and scored as indicated below. 



40 
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of th ROUS- sarcoma virus promot r was prepared fr«a the 
Xp21 plasmid o ntainlng the ccmplete dystrophin coding 
regi n and the SV40 poly, a segment, yhich was cloned by 
Kunk I and colleagues. (Bruaeister M., M naco AP, GUlard 
5 EF, van Onmen GJ, Affara KA, Ferguson-Smith MA, Xonkel in, 
Mirach H. A 10-megabase physical map of human Xp2l' 
including the Duchenne muscular dystrophy gene. Genomics 
1988 i4>r 2 (3):i89-202; Hofftam, EP and KtanJcel, uc 
Dystrophin abnormalities of Duchenne 's/Be«!her Muscular 
10 Dystrophy. Neuron Vol. 2, 1019-1029 (1989),- Kbenig M 
Monaco AP, Kunkel W. The complete sequence of dystrophin 
predicts a rod-shaped cito-slceletal protein. Cell 1988 
Apr 22, 53 (2)8219-26) 200 ug of the plasmid in 100 ul of 
phosphate buffered saline was injected into the quadriceps 
15 the mutant mouse strain lacking the dystrophin gene product 
(MDX mouse; Jackson labs). Expression of functional 
dystrophin was monitored 7 days post injection by immuno- 
histotShemistry according to the procedures described by 
watkins et al. and using the same anti-dystrophin antibody 
20 (anti-60 kd antibody with a fluorescent secondary antibody) 
Obtained from Kunkel. Functional expression of the 
dystrophin gene product in the dystrophic mice was detected 
by comparing the pattern of fluorescence observed in cross- 
sections Of quadriceps muscle from injected anlnals, with 
25 the fluorescence pattern observed in normal animals. 
(Watkins s.c, Hofftan E.P., siayter H.S., Kinkel L.M. 
immunoelectron microscopic localization of dystrophin 
myoflbres. Mature 1988, Jun 30; 333 (6176:863-6). Normal 
dystrophin expression is localized underneath the plasma 
-embrane of the muscle fiber, so that a cross section of 
the quadriceps muscle give a fluorescence pattern 
encircling the cell, m addition dystrophin expression was 
quantitated by Western blot analysis using the affinity 
purified anti-60kd antibody. 



30 
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1. A phaznac utical product, coii5)rising: 

naked polynucleotide, operatlvely coding for a 
biologically active polypeptide, in physiologically 
acceptable adalnlstrable for., in a container; and 

a notice associated with said container In form 
prescribed by a governmental agency regulating the 
«mufactare, use, or sale of pharmaceuticals, which 
notice 1. reflective of approval by said agenov of 
said form of said polynucleotide for human or 
veterinary administration. 
2. A pharmaceutical product, comprising: 

naked polywicleotlde, operatlvely coding for a 
biologically active peptide, i„ solution in a 
physiologically acceptable injectable carrier and 
suitable for introduction Interstitlally Into a tissue 

20 , '^"^ ""^^^ said 

20 polypeptide; ° 

a container enclosing said solution; and 
a notice associated with said container in form 
prescribed by a governmental agency regulating the 

n!^l2T*' °' Pharmaceuticals, which 

notice is reflective of approval by said agency of 
manufacture, use, or sale of. said solution^ of 
polynucleotide for human or veterinary admlnlstratlcn. 
3. The product of claim 2, wherein said peptide la 
30 i:rT -*^^«^*tio„ Of said solution to . human 

«. ■a. product Of 0.1. 2, rtM»i„ „w 
th«.p«*io «,! .a.i„l.tr.Uo« ot S.U solution tT. hj^ 
in Of u-rapy r.l.tta, to ..w polyp^u, hJH 

therapeutic effect. «» « 

35 5. A pharmaceutical product, cemprising.. 

naked antlsenae polynucleotide, in solution in a 
physiologically acceptable Injectable carrier and 
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suitable for Introduction interstitially into a tissue 
t cause CUB of said tissu t take up said 
polynucleotide and provide a therap utic effect; 
a c ntainer enclosing said solutioni and 
5 a notice associated with said container in form 

prescribed by a governmental agency regulating the 
manufacture, use, or sale of pharmaceuticals, vhich 
notice is reflective of approval by said agency of 
manufacture, use, or sale of said solution of 
10 polynucleotide for human administration. 

6. A pharmaceutical product for treatment of 
muscular dystrophy, conprising: 

a sterile, pharmaceutically acceptable carrier; 
a pharmaceutically effective amount of a naked 
15 polynucleotide operatively coding for dystrophin in 

said carrier; and 

a container enclosing said carrier and said 
polynucleotide in sterile fashion. 

7. The product of claim «, wherein said 
20 polynucleotide is DMA. 

8. A Pharmaceutical product for use in supplying a 
biologically active polypeptide to a vertebrate 
comprising: ' 

a pharmaceutically effective amount of a naked 
polynucleotide operatively coding for said 
polypeptide; 

a container enclosing said carrier and said 
polynucleotide in a sterile fashion; and 

means associated with said container for 
permitting transfer of said polynucleotide from said 
container to the interstitial space of a tissue, 
whereby cells of said tissue can take up and express 
said polynucleotide. 

9. The product of Claim 8, wherein said container is 
35 a syringe. 

10. The product Of claim 8, wherein the amount of 
said polynucleotide in said container is at least 5 



25 



30 
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micrograiBs. 

11. A pharnac utlcal product f r use in immunizing a 
vertebrate, comprising s 

a phannaceutically effective amount of a naked 
5 polynucleotide operatively coding for an immunogenic 

polypeptide; 

a sealed container enclosing said polynucleotide 
in a sterile fashion; and 

means associated with said container for 
10 permitting transfer of said polynucleotide from said 

container to the interstitial space of a tissue, 
whereby cells of said tissue can take up and express 
said polynucleotide. 

12. The product of Claim li, wherein said container 
15 is a syringe. 

13. The product of Claim ii, wherein the amount of 
said polynucleotide In said container is at least s 
micrograms. 

14. A pharmaceutical product, coxprlsing: 

^° ■ phannaceutically effective amount of naked 

antisense polynucleotide; 

a container enclosing said carrier and said 
polynucleotide in a sterile fashion; and 

means associated with said container for 
permitting transfer of said polynucleotide from said 
container to the interstitial space of a tissue, 
whereby cells of said tissue can take up said 
polynucleotide . 

15. Use of naked polynucleotide operatively coding 
for a physiologically active polypeptide in the preparation 
of a pharmaceutical for introduction Interstitlally into 
tissue to cause cells comprising said tissue to produce 
said polypeptide. 

16. Use according to Claim 15, wherein said 
35 pharmaceutical is for Introduction into muscle tissue 

whereby muscle cells produce said polypeptide. 
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17. Use accorting to claim 15, wherein said peptide 
Is dystrophin and said phar»ace«tical is f r treaticent of 
auscTUar dystrophy. 

18. 08 Of naked antisens polynude tide in the 
I^^»titi ,^ ' Pl»-r»ace«tical for introduction 
interstitially Into tissue of a vertebrate to inhibit 
translation of coapli»entary polynucleotide in cells of 
said vertebrate. ^ 

19. A method for delivering a pharmaceutical or 
l-«nunogenio polypeptide to the Interior of a cell of a 
vertebrate in vivo, comprising the step of: 

Introducing a preparation comprising a 
Pharmaceutically acceptable injectable carrier 
and a naked polynucleotide operatively coding for 
Mid polypeptide into the interstitial space of a 
tissue comprising said cell, whereby said naked 
polynucleotide is taken up into the interior of 
said cell and has an immunogenic or 
pharmacological effect on said vertebrate. 
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